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As part of effective management, the chief school
administrator needs accurate enrollment projections. At the
same time he or she laclcs the tools to obtain them with
sufficient accuracy for the long term. This study con-
structed and tested a computer-based simulation model using
demographic components to forecast public school enrollments
for long-range (at least five years) planning; the study had
as its objectives:
Provide forecasts that are accurate to within
+ 17o per year of forecast if the user chooses
those options that in fact come true
B0 easy to use, understand and explain
-- Allow the user to incorporate knowledge of
local conditions
-- Provide the flexibility to allow variations of
parameters in order to obtain a range of
projections rather than a single value
-- Be cost effective
iii
The Model was tested using the thirty towns in the
Hartford, Connecticut, Standard Metropolitan Statistical Area.
These towns are thought to be a representative sampling of
Connecticut towns by many state officials. School enrollments
were forecast for each of the towns in the sample for each
of the school years, 1970-71 through 1976-77. The results are
examined to determine how closely the demographic Model re-
flected the actual enrollment pattern. The accuracy crite-
rion is based on the difference, stated as a percentage of
the actual enrollment, between the forecast and the actual
number of pupils enrolled for each of the school years.
Those forecasts within + 17o per year of projection are con-
sidered accurate.
Three runs of the Model using various options are
discussed. A comparison is also made based on State of
Connecticut population forecasts. In addition' the results
are compared with forecasts using the cohort-survival method,
the method most often used by school administrators, and
forecasts from a method used in industry known as exponential
smoothing. The results are compared based on accuracy, cost,
ease of computation and data requirements.
The major conclusions relating to the results from
the demographic Model are as follows
:
1. Final validation of the population forecasts can
occur when 1980 Census data becomes available. The
results so far are encouraging in that 74% of the
IV
enrollment projections for five or more years met
the accuracy criterion when the population forecasts
closest to the state estimates were used to obtain
the enrollment projections,
2. The demographic Model projected enrollments more
accurately for five or more years than the competing
techniques investigated when compared with actual
school enrollments.
3. The demographic Model has greater flexibility by
allowing the user to change the individual demo-
graphic components to obtain a range of projections.
4. The demographic Model was more costly to build than
the commonly used simpler techniques, requires more
data and mandates the use of the computer.
V
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CHAPTER I
BACKGROUND OF THE PROBLEM OF FORECASTING
PUBLIC SCHOOL ENROLLMENTS
Introduction
The chief school administrator must effectively plan
for the efficient use of limited resources in order to meet
the changing educational needs within his or her community.
It is critical that this administrator know the number of
pupils he or she will be expected to educate in future years.
Demographers have found it difficult to project population
with a high degree of accuracy; therefore, it is not sur-
prising that the local school administrator has been unable
to project future enrollments with any great degree of
accuracy
.
This study is in response to complaints by adminis-
trators in some Connecticut schools that the cohort-survival
method of projecting enrollments recommended by the Connecti-
cut State Department of Education (CSDE) has not been suf-
ficiently accurate for educational planning when used with
data from their school systems. It will examine the current
methods most often used for the projection of enrollments,
review the research that has taken place relating to
1
2enrollment projections for the public schools, develop and
demonstrate a component demographic model that can be used
at the local school level to project enrollments for long-
range (at least five years) planning, and compare the results
from this model with the results of the cohort-survival
method (the method most often used by public schools) and
with the results of a simple forecasting method used in
industry
.
Need for the Study
billions of dollars are invested in the education
industry. It should be expected that these dollars will be
spent in a cost-effective manner. As part of effective
resource management, the chief school administrator requires
accurate enrollment projections to properly allocate
resources
.
Although this is a period of general decline in en-
rollments, it is probable that in some few communities there
lies a coming facility shortage because "general decline"
does not mean all school districts will be declining. Dif-
ferent districts decline at different rates and some even
increase contrary to the general trend. The school adminis-
trator lacks the tools to provide accurate long-term enroll-
ment forecasts with which to confront the public who must
support the schools. In addition the public and town finance
committees are skeptical because they have found past enroll-
ment projections wanting in accuracy as evidenced by unplanned
3excess capacity. However, if the prediction of a rising
birth rate^ is correct, some Boards of Education will be
faced with the dilemma of unwilling public support and in-
adequate facilities for their school population.
Administrators, who for several decades concentrated
on recruiting staff and building facilities, must now stream-
line their systems by identifying those facilities that have
become excessive. The administrator must not only decide
whether to close them or establish new policies for using
them, but he or she must also determine whether to do so on
a temporary or permanent basis. This necessitates a look
into the future which is not characteristic of the planning
process of most public school systems.
This job is further aggrevated by the public who
demand a reduction in the school budget, since fewer pupils
are being educated, while costs for operating a school system
are accelerating at an unprecedented rate. Nevertheless,
when the reduction in the school budget is based on the
closing of a school, very often the public in that attendance
area become incensed at the prospect of their "neighborhood"
school being closed.
These new pressures have intensified the need for
long-range planning. Specifically, improved enrollment
^June Sklar and Beth Berkov, "The American Birth
Rate: Evidence of a Coming Rise," Science , August 1975,
pp . 693-700.
Aestimates can provide the administrator with data for
planning
;
Facility Requirements
Those Connecticut schools requesting financial
aid from the CSDE for new schools or for the
remodeling of existing buildings must submitten-year enrollment projections as part of the
application.
Staffing Requirements
Teacher contracts increasingly restrict the flexi-bility of teacher assignments. This can impact
the administrator's ability to react to unexpected
situations
.
Even if the goal of improved projections for long-
range planning can be achieved, the school administrator
still has the very difficult task of convincing the public
and town officials of the needs of the system. Because of
this lack of confidence, the methodology that is used to
make enrollment projections must be thoroughly understood
by the administrator and be easily explainable to the public.
Current Status of Enrollment
Methodology
A review of the current educational literature re-
veals that there are two frequently used methods for esti-
mating public school enrollments. One, based on judgment
and knowledge of local conditions, usually asks the elemen-
tary school principal to "guesstimate" the number of pupils
that will be in the attendance area the following year. The
other, a mathematical ratio method, is known by a variety
5of names, but is most often referred to as the "cohort-
survival" or "persistence" method. This method is recommended
the current literature and is the method most widely used
2by public school systems. Briefly, it is based on the sur-
vival rate of pupils from each grade to the next higher grade
the following year. It is easy to understand, easy to
modify, can be calculated without a computer, and all of the
necessary data is available within the school system. How-
o
ever, a study by Greenawalt and Mitchell revealed that the
projections for 607o of the towns using this approach were
"inaccurate." They defined as "inaccurate" those projections
that deviated more than 107o in seven years. Yet, in spite
of its inaccuracies, the projections are as good as or better
than many of the more complex statistical methods that have
been investigated.^ In several articles it has been sug-
gested that this method is accurate enough for short-term
(one- or two-year) projections, but a more accurate method
is needed for forecasting enrollments for a five- to ten-year,
or longer, period.^
9
N. L. Engelhard!, Jr., "How to Estimate Your Future
Enrollment, School Management 7 (June 1973): 38-41.
^George J. Greenawalt and D. P. Mitchell, Predicting
School Enrollments (Cambridge, Mass.: The New England School
Development Council, ED 026 717, 1966), p. 8.
^William J. Webster, "An Empirical Comparison of
Selected Enrollment Projection Formulas," The Journal of
Educational Research 64 (1971) : 375-381
.
^A. J. Jaffee, Handbook of Statistical Procedures for
6Two recent computer-based demographic models show
promise for making better enrollment estimates for five to
ten years than any of the statistical methods that have been
investigated.^ Unlike previous studies, which base their
projections primarily on data obtained from within the
school system, the above descriptive models simulate the
total human population moving through its life cycle and
treat the public school population as a subset of this total
population. One model allows the user to experiment with
"what if" parameters to project population under varying
hypotheses of changing political, economic and social con-
ditions. For example, a question may be asked such as:
"What if the birth rate increases 50% over the projection
period?"
In only one study was the criterion of accuracy dis-
cussed.^ The authors interpret the criterion of Chamberlain
and Crawford, who stated that an error of 10%, is tolerable
if the forecast is extended over a long period. It should
Long-Range Projections of Public School Enrollment
,
Technical
Monograph (Washington, D. C. : Department of Health
,
Educa-
tion and Welfare, Office of Education, ED 058 868, 1969),
p. 33; William P. Wilson, "A Computer-Based Enrollment Pro-
jection System" (Ed.D. dissertation, Syracuse University,
1975)
,
pp. 37-38.
Elaine Tatham and Harold Finch, "A Computer Model
for Demographic Projections in Educational Planning," paper
presented at Conference on Population Projections and Related
Futures, Toronto, Ontario, November, 1974; Wilson, pp . 57-
81.
^Greenawalt and Mitchell, p. 8.
7be noted that a "long period" was not defined. Therefore,
this issue was discussed with an official from the Connecti-
cut State Department of Education. It was felt that enroll-
ment projections should be considered accurate if within
plus of minus 1% per year of projection. This is the cri-
terion that has been adopted for this study.
Design of the Study and Discussion of the
Results to be Obtained
Intent of the Study
The goal of this study is to develop a model that
will project public school enrollments for a five- to ten-year
time horizon. The model should;
Provide forecasts that are accurate to within
± 1% per year of forecast if the user chooses
those options that in fact come true
Be easy to use, understand and explain
Allow the user to incorporate knowledge of local
conditions
-- Provide the flexibility to allow variations of
parameters in order to obtain a range of projec-
tions rather than a single value
Be cost-effective
General Design of the Model
The general design of the model is straightforward.
For each forecast period the number of births is added to
and the number of deaths is subtracted from the beginning
population. The result is further adjusted by the difference
8between the number of people moving into and the number of
people moving out of the area (net migration) in order to
obtain the population at the end of the forecast period. For
example, if an area's population at the beginning of the year
is 48,000 and during the year, 800 children are born, 400
persons die and 100 more persons moved into than moved out
of the area, the population at the end of the year would be
48,500 (48,000 + 800 - 400 + 100).
The public school enrollment forecast is obtained
by first taking the percent of the total population by age
and sex cohort attending school (both public and private) to
obtain the number of children in school and from that number
extracting the public school portion. The population is
aged one year and the process is repeated for each year of
the forecast period.
Options for the calculation of births, deaths and
net migration allow the user to apply a knowledge of local
conditions. By changing the options used to compute the
components, a series of projections can be obtained, thereby
affording a range rather than a single point projection.
Formulation of the Model
The model consists of two parts; first, the total
population for a city or town is computed using a component
approach. Then the public school population is extracted
through a series of calculations based on data from the
9latest Census. The classic demographic model to compute the
total population is
;
PoPt^I - Pop^ + - Deaths
+
Migration
Where
:
PoPt+1 = Population of Projected Year
PoPx = Population of Base Year
Births = Births for Forecast Period
Deaths = Deaths for Forecast Period
Migration = Those persons moving into less those
persons moving out of the area
the Forecast Period
for
There is no single way to compute the components.
o
Pittenger has presented a review of some of the measures
that have been used in other studies (See Appendix E) . In
this study the alternatives offered to the user for the con-
struction of the birth, death and migration components are
stated below. The starting population is obtained directly
from the latest Census data.
Births. The formula used to calculate births is
fertility rates for each cohort of women of child-bearing
age, based on fertility ratios for all women in the State of
Connecticut. However, the user may choose one of the follow-
ing options.
^Donald B. Pittenger, Projecting State and Local
Populations (Cambridge, Mass.: Ballinger l^ubiishing Co.,
1976)
,
pp~l-25.
10
Crude Birth Rates by Town (Births per 1,000
population)
-- Fertility Rates per 1,000 Women of Child-Bearing
Age by Town (Total number of women between the aees
of 15 and 49)
-- Percent of Increase or Decrease over the Forecasted
Period by Town (What if birth rates increase 257o)
Deaths
. Deaths are calculated using age-specific
death rates for each town by age and sex cohort. However,
the user may choose one of the following options
,
Crude Death Rates by Town (Deaths per 1,000
population)
Life table for the State of Connecticut
Percent of Increase or Decrease over the Forecasted
Period by Town (What if death rates decrease 107.)
Net migration . Net migration is calculated using
migration rates for each age and sex cohort based on data
from the latest two Census reports. The user may specify the
net migration expected based on local conditions , or if
appropriate, use the same net migration as for the previous
Census period.
The primary focus of this study is the forecasting
of population for a small area which makes the accuracy of
the migration component the most important parameter. In
9
reviewing the demographic literature on migration, Pittenger
concludes that the "Projection component that appears to have
^Ibid
. ,
p . 233
.
11
the greatest potential for improvement is migration." There-
fore, the computer program is designed to allow the insertion
of ^ new routine into the model with a minimum of reprogram-
ming should an improved method of calculating the migration
component (or any of the other components) be developed.
Once total population estimates for a town are com-
puted, public school populations are estimated. The procedure
is as follows
:
1.
For each age and sex cohort, population attending
school is:
School =
^°Pt+1 *
Where
:
School Pop-p^.]^ “ Projected School Population
^’OP'P+I ^ Projected Population
R , = 7o of Cohort Attending Public or
®
' Private School
2. For each age and sex cohort, the total school
population is distributed into the following grade groupings:
Kindergarten
Elementary (Grades 1- 8)
Secondary (Grades 9-12)
The distributions are then summed to obtain the total popula-
tion of each of the three grade groupings
.
3. For each grade grouping the public school popula-
tion is extracted from the total population in school:
P S Grade Group,p_|_^ = ESch Pop Grade Group,j,^^ * Rp^
Where
:
12
P S Grade Group^_^^ Projected Public School
Enrollment
ESch Pop Grade Group,p_|^^ Distribution of Pupils in
each Cohort Summed by Grade
Group
Rps
= 7o of School Population
Attending Public School
Upon completion of the public school forecast, the
population is aged one year and new population and school
enrollment forecasts are again calculated until forecasts
have been made for the entire forecast horizon. The detail
design of the model will be found in Chapter III,
Input into the Model
A data base is created for the inhabitants of each
city or town composed of the following data elements
:
Age and Sex
Births
Deaths
Age-Grade Ratios
School Attendance Rates
Age and sex data are obtained from the latest two Census
reports on a town-by-town basis. Vital statistics information
(births and deaths) are obtained by town from the Connecticut
State Department of Health, Register of Vital Statisti cs.
School attendance ratios are developed from the latest Census
data
.
13
Output from the Model
The output from the model consists of the
following
:
Population Forecasts by Age and Sex
School Population Forecasts by Age Cohorts
Public School Kindergarten, Grades 1-8 and
Grades 9-12 Enrollments Estimates
Departure from Other Models
Technical data is not in the public domain to allow
the above-described model to be compared in detail with the
two models that are presently in existence. From the data
that is available, the design of this model would appear to
be more similar to the Tatham and Finch model than to the
Wilson model. However, the Tatham and Finch model is a much
more sophisticated model that was designed as a planning model
for a community college. It includes land use data and dis-
tributes the population to small areas using a logistic
curve. (For a description of these models see Chapter II.)
Towns Selected for Study
The State of Connecticut is comprised of a large
proportion of towns (80%) having a pupil enrollment of less
than 5,000. The Greater Hartford area, which consists of
30 towns ranging in population from 160,000 to 2,100 persons,
is considered by many state officials to be representative of
the state as a whole. Thus, if improved enrollment forecasts
14
can be made for this group of towns which comprise the Hart-
ford SMSA (Standard Metropolitan Statistical Area)
,
other
Connecticut towns could use the model with viable results.
Period to be Forecast and Validation
School enrollments are forecast for each of the
sample towns for each of the school years, 1970-71 through
1976-77. Historical validation is used; that is the results
are examined to determine how closely the model reflects the
actual enrollment pattern. Validation is based on the dif-
ference, stated as a percentage, between the forecasts and
the actual number of pupils enrolled for each of the school
years
.
Accuracy Criteria
All forecasts for the total public school population
within + 17o per year of projection are considered to be
accurate; that is, a five-year projection is considered to
be accurate if it is within + 57o of the actual enrollment for
that year.
Discussion of Results to be Obtained
In addition to comparing the results from this demo-
graphic Model with actual enrollments, the results are also
compared with those from the cohort-survival method. The
cohort- survival projections are calculated using a two-year,
five-year and ten-year data base. The base period that most
15
closely approximates the actual enrollments is used for com-
parison purposes.
A forecasting method frequently used in industry,
known as exponential smoothing, is also used to forecast
enrollments, and the results are compared with the other two
methods. This method has received limited attention from the
educational community, but has special appeal because of its
simplicity in both calculation and updating. Simply stated,
it is a special kind of weighted moving average. (See
Appendix G for detailed procedures.)
The results from the three methods are compared
according to the following criteria, and an overall evaluation
of the effectiveness is then attempted.
Accuracy
Cost
Ease of Computation
Data Requirements
Possible modification, extension and/or alternative enroll-
ment forecasting approaches are discussed. Such discussion
reflects the significant issues raised in the above validation
and comparison of models.
^^Jaffe, pp. 48-57; Daniel J. Brown, "A Smoothing
Solution to the ’school District Enrollment Projection Problem,"
paper presented at the Annual Meeting of the American Educa-
tional Research Association, Washington, D. C. , March 21
April 4, 1975. ED 103 970.
CHAPTER II
REVIEW OF THE LITERATURE RELATED TO THE
FORECASTING OF PUBLIC SCHOOL
ENROLLMENTS
Education is, in fact, a business with its own oppor-
tunities and limitations. Traditionally school systems have
been regarded as sacrosanct. With changing mores and the
decline of the family unit as a force in society, school
systems are expected to be as responsive as other services
to community needs and expectations
.
Citizens are increasingly demanding of government,
taking even more stringent positions toward waste than those
associated with the private sector. Given this situation, it
is essential that the same analytical tools be adapted and
used to effect the objectives of better planning and improved
allocation of resources.
This chapter, therefore, reviews public school fore-
casting methods which project enrollments for small geographi-
cal areas. In the United States, the Census Bureau has done
the most sophisticated work in population projections. While
this work is primarily at the state and national level, in-
formation related to the smaller scale of the district level
16
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is included.
However, the work done by the United Nations Educa-
tional and Scientific Organization (UNESCO) and the Office
of Economic Cooperation and Development (OECD) for under-
developed countries is generally that of a resource alloca-
tion model, and as such, has been omitted. Although there
are models for projecting college enrollments, their con-
straints are not applicable for grades K - 12
,
and they, too,
have been excluded.
Classification of Literature
A search of the literature allows most literature
to be classified into one of three categories. That is not
to say that all articles fit neatly into one category but
rather that the literature seems to be divided into several
distinct topics, as follows: (1) identification of factors
that influence school projections; (2) methods used to fore-
cast enrollments; and (3) evaluative studies of school enroll-
ment projection methods.
Identification of Factors That
Influence School Projections
These articles fall into two groups, the first group
contributes a breadth of understanding to the complexities of
the problem. The second group is composed of studies or the
conclusions as the result of a study of the factors that
affect enrollment projections.
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Studies or articles that relate to the various facets
of the problem
. Johnson and Zappolo^ relate statistics, such
as, high school dropouts as related to family income, changes
in the racial composition of students attending schools in
the central city, etc. Levine and Havighurst^ caution against
the assumption that the changes in racial composition of
cities will be the same in the future as in the past, and
point out that school administrators need to obtain the best
possible information on the manner in which racial composition
is likely to change. Other articles analyze the changes in
private school enrollments and suggest some reasons for these
changes. Fellman^ analyzes land use and density patterns of
the central city and their surrounding towns . Another arti-
5 6
cle explores migration by age cohort, and Bogue expresses
^C. E. Johnson and A. A. Zappolo, "Recent Trends in
U. S. School Enrollment," School and Society 98 (February
1970)
:116-119.
9
D. U. Levine and R. J. Havighurst, "Are You Over-
projecting Negro Enrollment Growth," Nations Schools 81
(April 1968):52-54.
^J. C. Donohue, "Catholic Enrollment Faces 50 Per Cent
Drop, USCC Predicts," Nations Schools 83 (May 1969): 26-27;
C. E. Johnson and L. E. Suiter, "Private Schools: Enrollment
Trends and Student Characteristics," Education 91 (February
1971)
:237-242.
^J. D. Fellman, "Land Use and Density Patterns of the
Metropolitan Area," Journal of Geography 68 (May 1969) : 262-266
.
^Donald B. Pittenger, "A Typology of Age-Specific Net
Migration Rate Distributions," Journal of the American Instj^
tute of Planners 40 (April 1974) : 278-283
.
^Donald J. Bogue, Principles of Demography (New York:
John Wiley and Sons, Inc., 1969), p.
19
the view that there is a "contraception adoption explosion"
rather than a population explosion. The study by Sklar and
Berkov^ received much publicity when it concluded that there
are reasons to expect a rise in American birth rates in the
near future. An article in the Wall Street Journal ^ notes
that birth rates tend to fall when income increases and is
more evenly distributed, and when education is more wide-
spread and women participate in the work force. Although
these articles are non- technical in nature, they contribute
a good deal to the understanding of the complexities that
make the forecasting of public school enrollments so
difficult
.
Factors influencing enrollment projections . The most
comprehensive listing of factors affecting school enrollment
forecasts can be found in a pamphlet published by the Metro-
politan Study Council. The factors are listed as follows:
Nature of Community
(Self-contained
Socio-economic Character Part of larger unit
Employment opportunities)
Rate of Growth
Racial Composition
^June Sklar and Beth Berkov, "The American Birth
Rate: Evidence of a Coming Rise," Science , August 29, 1975,
pp. 693-700.
^Jonathan Spivak, "The Future Revised: Populations
of World Growing Faster than Experts Anticipated," Wall
Street Journal
,
April 12, 1976, p. 1.
^Metropolitan School Study Council
,
School Enrollments (New York: The Council, 1953 Committee
on School Buildings)
.
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Socio-economic Character (continued)
Religious Composition
Birth Rate
Fertility Rate
If Impacted Area
Land Utilization
Zoning
Land Use by Type
Redevelopment Plans
Vacant Land
Highways
Transportation
Housing
General Housing Conditions
Age of Dwellings
Type of Dwellings
Plans for New Housing
Age of Parents
District Boundaries
School Characteristics
School Organization (appeal to those attending
nonpublic schools)
Statutory Entrance and Leaving Ages
Holding Power
Promotion Policy
Nonpublic School Enrollments and Organizational
Patterns
Non-resident Enrollment
Greenawalt and Mitchell^^ identified the following
factors that seemed to be associated with accuracies and
inaccuracies using the cohort -survival method;
George J. Greenawalt and Donald P. Mitchell,
Predicting School Enrollments (Cambridge, Mass. : The New
England School Development Council, 1966), ED 026 717, p. 6,
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1. Size of total population base
2. Size of school population base
3. Relative change of these over a ten-year period
4. Relative size of migration
In regard to migration, they found that variation in rela-
tive net migration explains about 107o of the variation in
relative error, which would suggest that the cohort-survival
method is inadequate for schools experiencing a high degree
of migration. They concluded that other factors such as
the composition of the housing, demand for dwellings, family
composition and public and non-public policies all play a
part in projecting enrollments.
Webster^^ found that the cohort- survival method and
transition analysis (a regression method) produced signifi-
cantly more accurate results than did any of the other for-
mulas he investigated. This would suggest that births and
tendencies of school children to advance from one grade to
the next provide the most reliable parameters for forecast-
ing future school enrollment. Webster also found educational
levels to be a related factor and suggests that various
indicants of inmigration and/or economic trends should be
incorporated into enrollment forecasts particularly for dis
tricts with unusual growth characteristics.
12
The Baltimore County Board of Education, using
^^William J. Webster, "An Empirical Comparison of
Selected Enrollment Projection Formulas," The Journal of
Educational Research 63 (April 1971): 381.
^^Baltimore County Board of Education, Predictii^
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type of housing, assessed valuation and number of bedrooms
as indicants for predicting enrollments found the following:
Pupil yield:
1 . Varies by areas
2. Varies among types of dwelling units
3. Varies according to number of bedrooms
4. Varies according to assessed valuation
5. Varies according to size of lot.
Solomon13 studied five California school districts
whose enrollment forecasts were wrong by 77o or more. He
isolated 26 factors that he felt might affect school enroll-
ments and sent a questionnaire to all the school districts
in California. He found only seven of the 26 factors to
be common among the school districts. These were:
1. Current enrollment
2. Enrollment trends
3. Residential construction
4. Inmigration
5. Children per dwelling unit
6. Saturation of residential land
7. Census of pre-school children.
Wheeler^^ is the first person to be concerned pri-
marily with the development of a method for projecting ele-
mentary school enrollments . The factors which make it more
difficult to forecast enrollments for elementary schools
than for city-wide enrollments he defines as follows
:
Punil-Yield by Types of Dwelling Units (Towson, Md. : Board
o£ Education, 1961) , ED 03b ibZ, p. zi.
^^Edward Solomon, "Case Studies of the Current
Method of Projecting Enrollment for California State School
Building Aid," 32A (Dissertation Abstracts , 1971), p. /i-i-
^^Norman S. Wheeler, "Techniques^ Used for
ing Public School Enrollments
tion. University of Minnesota, 1955), pp . 23-Z4.
Predict-
disserta-
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1. Migration within the elementary area has much
greater effect than the same factors applied
to a larger geographical area.
2. Changes in proportion of children in nonpublic
schools may be of minor significance when change
is distributed over the city, but it can be very
significant when changes occur within an elemen-
tary school area.
3. Changes in ethnic composition tend to compensate
on a city-wide basis.
4. Uncertainities about changes prevail when there
is redevelopment of a slum area where only a
small portion of the city is affected.
5. When making city-wide forecasts of enrollment,
construction of new homes is allowed for in the
birth rate. In the elementary area, the rapid
development of a large number of new homes will
strain existing facilities.
For school districts with less than 1,000 pupils,
Jaffe^^ sums up the situation as follows:
In the final analysis, projecting the [school]
enrollment involves judgment. There is no mechanical
or statistical procedure which will automatically
provide the "correct” projection number. All sta-
tistical projections must be evaluated judgmentally
in light of all other information available.
Finally Stanbery^^ summarizes the present state
of the art:
The factors and conditions affecting population
change . . . are so numerous and their effects are
so varied that it would be impractical to assign
proper weights to each of them and to compute mathe-
matically the probabilities of realizing any one
figure between the maximum and minimum projections.
15,
'H. J. Jaffe, Handbook of Statistical Procedures for
Lone-Ranee Projections o f Public School Enroiime^.
cal Monograph. (Washington, D. C.: Government Printing
Office, 1969), ED 058 868, p. 60.
^^Van Beuren Stanbery, Better
for Areas and Communities (Washington,
Printing Office, 1952), p. 45
.
Population Forecasting
D. C. : Government
Methods Used to Forecast
Enrollments
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The literature that relates to methodology is at
best confusing. Throughout the literature, care must be
taken to understand the method under discussion. The same
statistical method has several names and several statistical
methods are referred to by the same name. For example,
what has arbitrarily been named for this study the cohort-
survival method is also referred to as the "per cent of
survival," "persistence," and the "retention" method. Sev-
eral articles^^ compare two or more statistical methods and
show which is more accurate, but only one articles discusses
18the criteria of "accuracy" and what an acceptable toler-
ance of error should be.
Finally, many articles do not differentiate between
short- and long-range forecasting techniques; therefore, it
can only be presumed that the methodology described will work
equally well (or poorly) for either. Demographers define
"short" range and "long" range quite differently from the
I
I
educator. Demographers consider short-range forecasts to be
' 1
' 'John K. Folger, Some Methods for Projecting School
I and College Enrollments (Atlanta, Georgia: Southern Regional
I
Education Board, 1954); Charles C. Joss, "A Comparison of Two
;
Selected Methods of Predicting Enrollments in Rapidly Grow-
i ing School Districts" (Ph.D. dissertation. University of Iowa,
1969); William J. Webster, "The Applicability of Selected
Ratio and Least-Squares Regression Analysis Techniques to
the Prediction of Future Educational Attendance Patterns"
(Ph.D. dissertation, Michigan State University, 1969).
^^Greenawalt and Mitchell, p. 8.
I
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19 20ten years. Jaffe defines long-range forecasts to be
beyond 5 to 10 years.” One of the primary uses of fore-
casts for school enrollments is the need for a rational
building program at the local district level. Since it takes
varying amounts of time in different towns to acquire land
and build facilities (from three to seven years)
,
it seems
reasonable that a school district needs to be able to fore-
cast accurately enrollments for a five- to ten-year period
for planning purposes regardless of whether or not this is
considered a "short" or "long" range projection. Both
21 22Jaffe and Wilson recommend that different statistical
techniques be used for making "long" and "short" range
forecasts
.
23Greenawalt and Mitchell in their study to deter-
mine the forecasting accuracy of the cohort-survival method
used as their criteria for accuracy plus or minus 107o for
a seven-year forecast. In other words a projection for
seven years ahead was considered to be accurate if the
actual enrollment was within plus or minus lO/o. Even so,
it must be remembered that this can result in a large dis-
crepancy, depending upon the size of the school system,
^^Bogue, p. 893.
^^Jaffe, p. 33. ^^Ibid. , p. 1.
^^William P. Wilson, "A Computer Based Enrollment
Projection System" (Ed.D. dissertation, Syracuse University,
1975), p. 1.
^^Greenawalt and Mitchell, p. 8.
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i.e., a projection for a school system with 10,000 pupils
could be over or underestimated by 1,000 pupils seven years
hence and the projection would be considered accurate.
Methods which rely solely on data from past trends
are referred to in this chapter as "projection" methods.
Methods allowing deviation from past trends are called "pre-
diction" methods. Projection methods that rely on trends of
the past are methods such as straight line, average per cent
of increase, average numerical increase. For example, pro-
jection methods from total populations assume that an observed
ratio between total population and school enrollment that has
existed in the past will continue to exist in the future.
The most common method used is the cohort- survival method
where enrollments are projected by applying survival ratios
to present enrollments to obtain projected figures. Another
projective technique is the Markov Chain model. Predictive
techniques are those associated with the housing multiplier
and land saturation methods
.
Cohort-survival method
.
With many school districts
experiencing declining enrollments, a number of "how to"
articles have recently appeared in the educational litera-
9 /
ture. Without exception the cohort-survival method has
L. Engelhardt, Jr., "How to Estimate Your Fu-
ture Enrollments," School Management 17 (June 1973): 38-41;
N. L. Engelhardt, Jr., "Here ' s a Five-Year Plan for Fore-
casting," Nations Schools 93 (May 1974): 57; Martin M.
Frankel, "Enrollment and Teacher Projections in Public Schools ,
"
American Education 10 (October 1974), back cover; William F.
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been recommended. Both the New York^^ ^^d Connecticut^^ State
Departments of Education recommend its use to the local school
district
.
Body count projection techniques appear to have devel-
oped as long ago as the Roman army. A cohort was a specific
group of soldiers which was followed through its battles and
a rate of survival was established. Manpower needs could
then be anticipated in relation to the number and type of
ensuing battles. One of the first times this technique was
used was in 1934 by Glancy to project enrollments for the
Waltham, Massachusetts, schools. Basically the method com-
putes survival rates from each grade to the next higher grade
the following year. This rate indicates the proportion of
the cohort that survives to the following year. If the rate
is less than one, it indicates the effects of death, reten-
tion, transfers to other schools, dropouts and moves to other
Keough, Jr., "How to Tell if Your District Is on the Brink
of an Enrollment Decline," American School Board Journal 161
(February 1974): 54-55; William F. Keough
,
Jr
. ,
"How to Make
the Best of Your School District Enrollment Slide," American
School Board Journal 162 (June 1975):40-43.
25New York State Education Department, Procedures
for Projecting School District Enrollment (Albany, N. Y. :
New York State Education Department, Information Center on
Education, October 1974), ED 099 963, p. 18.
O C
Maurice J. Ross, "Instructions for Using the Esti-
mate of Future Enrollments," Research Bulletin No. 2 (Con-
necticut State Department of Education, 1967).
^^W. E. Glancy, "Waltham Forecasts Pupil Enrollment,"
American School Board Journal 98 (March 1939): 46-47.
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communities. If the ratio is greater than one, it indicates
the effects of inmigration and transfers from other schools.
(See Appendix F for example.)
Enrollments are projected by applying survival ratios
to present enrollments to obtain projected figures for the
first year and by applying the ratios to projected figures to
obtain projection figures for successive years. The basic
assumption is that the net effects of all factors which
influence survival rates from birth through grade 12 will
be the same for the projected period as they were during the
period of experience used as a basis for projections.
The variations in the use of this method are almost
as numerous as the number of school districts using it.
Much variation exists as far as the number of years to be
included in the base period for the calculation of the ratios
.
Ratios have been used based on an average of from one to
twelve years while the ratio of births to a grade varies
from kindergarten to fourth grade.
Some school systems have used their enumeration data
rather than grade data. When this variation is used, ratios
are calculated between public school enrollments and city
28
school-age population. The SIMU-school project allows the
user the choice from among three ratio methods based on the
^^William D. Gattis and M. VJilliam Dunklau, Enroll-
ment and Facilities Projection Program: General Description
and Users Guide, Project SIMU- SCHOOL, Dallas Component,
February 1975, ED iuy
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cohort-survival method with up to ten years of historical
data as the base.
Wheeler used several variations of this method to
project enrollments. Wheeler's primary concern was to develop
enrollment projections for the Detroit, Michigan, elementary
schools
.
Wheeler first developed an age-to-age ratio from
city-wide enumeration and then, based on a city-wide age-grade
distribution, calculated a grade ratio. This city-wide grade
ratio was then applied to each elementary school's enrollment
by grade to project future enrollments. These enrollments
were then checked against actual enrollments to determine if
the school's total enrollment was within plus or minus 107o of
the number projected for the school. If the enrollment for
the school was within the plus or minus 107o, he considered
the city-wide ratio to be applicable. For those districts
where the deviation was too great, he developed special
age-grade ratios based on actual experience. For areas under
redevelopment
,
he could not use census data so he tabulated
leases by number of bedrooms and calculated the number
of children per family per bedroom. For slum clearance areas
he calculated the number of children to be removed from the
area. He then developed the following standard procedure to
predict births and varied it when there were "special" prob-
lems . The procedure
:
30
1. Obtained the number of homes in a given area
and assumed one married female per home
2. Developed an age distribution of females on thebasis of census tract distribution.
3. Obtained the number of new homes built per year
and allowing one married female per home, incor-
po^^ted the new females into the age distribution.
4. Moved out one-fifth of each age group into next
interval with the exception of the oldest and
used three per cent for this group.
5. Moved the three per cent lost from the oldest
group into the youngest, i.e., replaced the
losses of females in the 45+ age group with
females in the 15-19 year old age group.
6. Applied birth rates according to economic range
(3 groups) to the age distribution of females.
7. Checked projection against latest census data. 29
Kindergarten enrollments were estimated from the
birth rate trend. He calculated the survival rate for all
grades except first grade as described above. For first
grade he used a 1.0 ratio of kindergarten enrollment. In
projecting middle and high school enrollments, he took a per-
centage of each attendance area if the middle or high school
fell in two elementary school areas.
Dwelling-unit pupil-yield method . This method is a
predictive ratio method. Basically this approach relates the
number of children to type of housing. It has been used in
30 31both Maryland and California.
Information must be obtained for the following:
1. Future real estate development
2. Destruction of housing
^^Wheeler, pp . 34-35.
^^Baltimore County Board of Education, pp . 1-3.
^^Jaffe, p. 29.
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3. Knowledge of the housing cycle in thelocal coiranunity
r'
occupied and vacant dwellings
J. Building permits issued.
By knowing the number of children enrolled in school and
living in a particular type of dwelling, the average yield
per dwelling can be calculated. Since these average yields
are not fixed over time due to the family cycle and changing
birth rates, they must be recomputed periodically.
Both the cohort-survival and dwelling-unit methods
are sometimes used since each method uses factors independent
of one another.
3 9In Bucks County, Pennsylvania, a somewhat differ-
approach has been tried to estimate population growth by
school district based on housing. The intent of the study
was to determine post high school educational needs. In
order to accomplish this, some anticipation of future growth
had to be considered. High, low and preferred population
estimates based on expected building trends by county and
school district were prepared.
Constraints on a small area's population growth are
the amount of land available for future residential building
and zoning regulations. A study had been prepared by Temple
University in 1959 which included an analysis of land capacity
as controlled by zoning ordinances. This study proved to be
in substantial agreement with the actual development in Bucks
32 Ibid., Appendix D, pp . 94-105.
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County. In 1967 it was updated to take into account the
changes that had taken place and then a distribution of
expected housing increments was developed by school district.
A formula for predicting population by census tract,
which had proved to be accurate for 95% of the Philadelphia
metropolitan census tracts
,
was used to calculate the total
population for Bucks County. The calculated population for
the county was compared to the actual population and found
to be in error only by about six- tenths of 17o. It was then
used to forecast population for the county by five-year periods
through 1980. From the estimated population for the county,
a county average per dwelling unit was developed. A percent-
age of occupied housing to total housing supply was calculated
and building permit data was collected for each school dis-
trict. Finally estimates of the age distribution of the
country population were developed and these estimates were
then prorated among the school districts according to district
population estimates.
Integrated state and local area school enrollment
33 .
projection technique . Jaffe believes that neither the
cohort-survival nor the dwelling-unit pupil-yield method
of forecasting enrollments is satisfactory for long-range
forecasts
.
Since more accurate projections can be made for
larger geographical areas , Jaffe proposes using data developed
33 Ibid
.
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by the Census Bureau for a state and from this data develop
projections for county and local school districts. The Cen-
sus Bureau develops its projections based on different growth
rates, thus a range of enrollment projections can be devel-
oped. Projections for the local school district are related
to the proportion of the state total. This total is then
projected using various trend lines which are then adjusted
to overall state estimates. There are variations of this
technique for those local school districts that do not have
a statewide age-grade matrix available to them, and also
variations for school districts that have had boundary
changes
.
Regression techniques
. Regression techniques are
not generally used by school administrators to estimate
3 A-
school enrollments. Webster"^ compared the cohort- survival
and a linear regression technique using the same predictor
and criterion variables. The average ratios were replaced
by thirteen equations in the form Y = A + Bx, that is, one
equation for transition into each grade. The formula was
applied to districts with varying growth characteristics.
Wilson^^ did a similar study for the Liverpool, New York,
schools. Folger applied a linear least squares line to
^^William J. Webster, "Comparison of the Cohort-
Survival Ratio and Regression Methods for Projection of
School Enrollments," The Journal of Experimental Education
39 (1970) :89-96.
35 36Wilson, pp. 46-49. Jaffe, p. 18.
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project enrollments for the Southern states. Ackerman^^
developed an analytical model using census tract and land
use data using least squares regression to project enroll-
ments
.
In projecting enrollments for the public schools in
38Hawaii, Araki found a high correlation between total popu-
lation and total school population using linear regression.
They then allocated the school population by grade with the
cohort-survival method. The multiple regression approach
has been tried by both Jaffe^^ and Joss.^^ In general the
results using regression methods are inconclusive.
Multivariable techniques
. With the widespread use
of computers, it becomes feasible for enrollment forecasters
to look at and manipulate the various components that affect
school enrollments. Denham^^ calls this a "multivariable"
technique while the demographers call it a "component" method.
37Jerry Ackerman and others
,
STEP, Year 1, Volume III:
An Enrollment Forecaster for STEP (Philadelphia, Pa.: Govern-
ment Studies and Systems, June 1971)
,
ED 056 373.
38Charles T. Araki, A Study to Determine the
Feasibility of Redefining Present School Attendance~^Area
Boundaries to Coincide with or Othep^ise Relate Logically
to the U. S. Census Bureau Tracts; Subreport 2—How Future
Public School Membership in the State of Hawaii Is Estimated
(October 1967)
,
ED 043 yZ9.
^^Jaffe, pp. 115-118. ^^Joss , pp . 13-26.
^^Carolyn H. Denham, "Probabilistic School Enroll-
ment Predictions Using Monte Carlo Computer Simulation"
(Ph.D. dissertation, Boston College, 1971), ED 062 729,
p. 13.
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Both Sweden and Great Britain have built national simulation
models using this method.
The United States Office of Education developed a
Markov Chain model called Dynamod. The purpose of the model
is not to forecast new trends in enrollment, but to provide
educational planners with information on the impact on the
educational population of proposed policy changes testing
constraints such as dropout rates or teacher-pupil ratios.
Migration was not included in the model since the model was
evolved to study national enrollment figures.
43Mohrenweiser developed a Markov Chain model in
which student flows are formulated into a transition matrix
with a state space of 21. The first five states represent
0 to 5 year olds. The next 13 represent grades K - 12.
State 19 represents a transfer status, state 20 represents
dropouts and state 21 represents graduates. Based upon past
history a probability is assigned to each anticipated move-
ment. The model does not consider skipping or demotions.
It does determine the number of students who progress to the
next grade, the failures, the transfers and dropouts. The
model has the following advantages; it (1) provides a
Zabrowski, "The Dynamod Model of Student and
Teacher Population Growth," Socio-Economic Planning Sciences
2 (October 1969) : 455-464
,
^^Gary Mohrenweiser, "A Markov Chain Model for Pro-
jecting School Enrollments" (Ph.D. dissertation. University
of Minnesota, 1970).
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detailed summary of past student transitions not only within
grade but also to dropout and transfer categories and
(2) provides for the testing of two basic assumptions of
Markov Chain theory and simulations of policy decisions.
However, the data input requirements limit the application
of the model.
Grace, Hanson and Trommilin^^ developed a similar
model for the Alberta, Canada, schools using transitional
probabilities for promotions, dropouts and graduates. Grace
and Bay developed a Markov Chain model using transitional
probabilities for deaths, promotion, dropouts and waiting to
enter (for pre-school). This model differs from the others
in that it projects enrollment on an individual basis.
46Weredelin has built a probability model where he
projects the following:
1. Those who are promoted
2. Those who repeat
3. Those who are promoted but stay out one year
4. Those who are promoted but stay out n years
5. Those who failed but returned after one year
6. Those who failed but stayed out n years.
A school enrollment projection model using Monte
44
M. Grace, J. Hanson and P. Trommilin, "Markov
Chain Model for Enrollment Projections," Journal of Educa-
tional Data Processing 12 (April 1975): 1-9"!
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M. Grace and I. Bay, "A Random Walk Simulation
Model for Enrollment Projections," Journal of Educational
Data Processing 12 (April 1975) : 10-42
.
Weredelin, "School Enrollment Model," Inter-
national Review of Education 16 (February 1970) : 192-214
.
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Carlo simulation has been developed by Denham. In a Monte
Carlo solution one or more of the variables depend upon
chance parameters whose values are randomly selected from
probability distributions
.
The model requires the user to
make high, most likely, and low estimates of the follov/ing
variables :
1. Births
2. Migrations
3. Retentions
4. Transfers to and from non-public schools
5. School dropouts
6. Deaths
The enrollment projections for a certain year and grade are
computed by adding or subtracting the predicted values of
each of the above factors during the previous year to obtain
an estimate for the year and grade under construction. The
model is built with the assumption that the probability dis-
tributions around the separate variables can be considered to
be normal. The model has been modified to include land devel-
opment variables and to take into account out-migration.
In 1965 a study group from the Harvard Graduate
School of Education^^ considered a demographic approach for
forecasting the number of pupils for the Watertown, Massachu-
setts
,
school system. Limitations in the data available from
both the public and non-public schools prevented the use of
^^Denham, p . 10
.
^^Harvard Graduate School of Education, Watertown:
Its Schools and Needs (Cambridge, Mass., 1966).
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this method, and as a result, the cohort-survival method was
selected. In the past several years, two demographic models
have been developed. These models have both met the accuracy
requirements suggested by Greenawalt and Mitchell. One mod-
projected enrollments for the Syracuse, New York, public
schools. The other and more sophisticated model was developed
at Johnson County Community College^ ^ as a planning model, but
has been used successfully to project public school enroll-
ments. Both of these models are population projection models
from which the public school enrollments are forecast. Both
models use births, deaths and migration as the components for
the projections. The Johnson County Community College model
projects population on a county basis by age and sex and then
distributed the population to subareas using a logistic curve.
A school attendance rate is applied to the school-age popula-
tion and then the school-age population is allocated by grade
using the cohort- survival method. The model has additional
flexibility in that it allows the user to vary the parameters
to ask "what if" kinds of questions. This provides the user
with a means of including his knowledge of local conditions
in making enrollment forecasts as well as the ability to make
enrollment forecasts within a range rather than a one-figure
^^Creenawalt and Mitchell, p. 8.
^^Wilson, pp . 57-81.
^^Elaine Tatham and Harold Finch, Demographic Plan -
ning Workshop
,
October 11-13, 1973. ED 088 531.
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forecast
.
Wilson's model projects population at the county
level using only "natural increase" (births minus deaths)
.
The City of Syracuse population is calculated using the same
^^tes for births and deaths as those used for the county
projection and then adding migration based on the average
migration rates by age, sex and race for the period between
1960 and 1970 for the City of Syracuse, Ratios of private
school attendance are applied to the total school-age popula-
tion by age cohort and the remaining population becomes the
public school population. This method is then reapplied to
attendance areas within the total district to obtain the
school population for an attendance area by age cohort. Out-
put from the model provides data by five-year age cohorts
broken down by sex and race. No attempt was made to calcu-
late single age cohorts or allocate the student population
to grades
.
Evaluation of Enrollment
Projection Techniques
52
Greenawalt and Mitchell found the cohort-survival
method to be inaccurate in forecasting school enrollments in
149 of 242 communities. They concluded that since this method
assumes a constant relationship of the following factors to
each other;
^^Greenawalt and Mitchell, pp . 8-12.
AO
1
. Death rate of children
2. In and out migration
3. Retardation policy
A. School dropouts
5. Movement between public and non-public
schools
any of these changing in a way not proportional to the move-
ment of the aggregate would invalidate the method. They con-
cluded that these factors do not move together nor can it be
assumed that what happened in the past will happen in the
future. They also found the method to be least accurate in
communities with a population of less than 2,500 and most
accurate for communities with a population of over 100,000.
They also found that this method produced the greatest error
in fast-growing communities.
53Webster compared the cohort-survival method with
transition analysis (a regression method) using the same
predictor variables and found transition analysis to be more
accurate. He also divided the school districts of Michigan
into five strata based on past population growth character-
istics. He found that the cohort-survival method produced
the most accurate results for those communities that had
experienced a growth rate of less than 507o during the period
between 1950 and 1960. In a more recent study, Webster^^ did
a comparison of seven projection methods (3 ratio and A regres-
53Webster, "Comparison of Cohort Survival Ratio and
Regression Methods," pp . 89-96.
^^Webster, "An Empirical Comparison of Selected
Enrollment Projection Formulas," pp . 375-381.
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Sion) in an effort to determine if different projection
methods might be applied to school districts with different
demographic characteristics in order to obtain more accurate
projections. The results confirmed his hypothesis. In in-
vestigating the methods he again found that the transition
analysis and cohort-survival methods resulted in significantly
more accurate projections than any of the other methods in-
vestigated. The dwelling-unit pupil-yield method resulted in
the least accurate projections. However, time analysis proved
to be most accurate where the population had remained stable
or experienced only a little growth. Like Greenawalt and
Mitchell^^ he found the cohort-survival method was least
accurate for fast-growing districts.
C r
When computing enrollments by state, Folger found
the cohort- survival method more accurate for short-range
projections than transition analysis. Jaffe^^ used a
multiple regression approach for counties in Maryland. The
dependent variables were the grade patterns (4-4-4) which
represented the ratio of the county's share of the state
enrollment for a given year. The independent variables
were as follows:
Resident Births by County
Resident Deaths by County
Retail Sales by County
Number of Households by County
^^Creenawalt and Mitchell, p. 15.
^^Jaffe, pp. 18-20. ^^Ibid. , pp . 115-118.
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Effective Buying Income by County
Resident Income Tax Returns Filed by County
Registered Private Vehicles by County
He found an average error of less than 27o when projecting
enrollments for the State of Maryland and less than one-half
of 17o for the State of California. However, when he made
local area enrollment projections using a least squares for-
mula, the results for California were inferior to those
obtained for Maryland. In one area the linear projection
was in error by 47.7% and the curvilinear projection by 41.3%,.
The average percent of error was 22.8.
CO
Joss compared the cohort-survival method with a
multiple regression approach in rapidly growing school dis-
tricts. He used the school enrollments as the dependent
variable. In one study he used the number of homes and the
city population as the independent variables . In another he
used the following for independent variables
:
Number of Homes
City Population
County Population
Automobile Registrations
Area Registrations
Area Employment
Bank Deposits
Retail Sales
Spendable Income
He found that neither method was highly reliable but that
the cohort- survival method was slightly more accurate.
When
comparing the results from the two regression formulas,
he
found that using the number of homes and the population
of
58Joss, pp . 50-56.
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the city gave better results than when he used more variables,
59Kuang has criticized curve-fitting techniques.
He writes: "There is no necessary relation between the good-
ness of fit of the mathematical curve and its reliability
for forecasting. Ruchlis^^ cautions about the impossibility
of continuous growth. He says:
A fast-growing community may experience a doubling
of its student population for five years. However,
it would be unwise for educational planners to con-
clude that this growth will continue at the same
rate for another 10 to 15 years.
Wilson, who compared the results of the cohort-survival
and regression methods for the Liverpool, New York, schools,
then applied the regression method to the ratios resulting
from the cohort-survival method and found that the ratios
do not form any straight-line trend. He concludes "that
the reason there is so much difficulty using the retention
rates as trends is that they do not represent trends." He
found the regression method slightly more accurate than the
cohort-survival method for projecting the total enrollment
but less accurate when applied to the grade levels.
Though the current educational literature recommends
^^H. P. Kuang, "Forecasting Future Enrollments by
Curve-Fitting Techniques," Journal of Experimental Educa-
tion 23 (May 1955) :273.
^^Hy Ruchlis, "A Basic Concept--The Impossibility
of Continuous Growth," School Science and Mathematics 65
(May 1965) : A23
.
^^Wilson, p. 52.
the cohort-survival method, it is helpful that both the New
England School Development Council (NESDC)^^ and the New
York State Department of Education^^ recognize that this
method may require that modifications to the ratios be
made if they do not exhibit a stable pattern.
Unfortunately, the validation of some of the meth-
ods is difficult. For example, regarding the population
predictions for Bucks County, the writer states:
It will not be possible to ascertain the actual
truth of these assumptions until after the 1980
census is published. If the equations are valid,
the range of uncertainty about the population
translates to a range of uncertainty in house-
hold growth.
Mohrenweiser65 dismisses the validation of his model
as follows
:
It is impossible to look back and say exactly
what the form of the update projections would
have been if indeed they would have been made
in 1965. . . . The usefulness of the Markov
Chain model by itself and in comparison to
other projection techniques is a subjective
judgment and depends upon the type of informa-
tion desired by the educational planner.
Denham obtained disappointing results from her
Monte Carlo simulation model. The results were only slightly
^^New England School Development Council, Enroll -
ment Forecasting Handbook (Newton, Mass.: The Council , 1972),
pp . 27-32
.
^^New York State Education Department, Projecting
School District Enrollment , pp . 8-11.
^^Jaffe, Appendix D, p. 102.
^Mohrenweiser, p. 70, Denham, p. 108.
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better when compared with the results from the cohort-
survival method. The Johnson County Community College model^^
was validated by projecting public school enrollment from
1950 to 1960 for the Swanee Mission School District. It
was found to be in error by only 1% for the total period.
6 8Wilson found less than a 1% error in total enrollment when
he used his model to project for a five-year period.
Conclusions
From a review of the educational literature, it
appears that the present statistical techniques used to pre-
dict or project future school enrollments in many instances
are not accurate enough to provide school administrators
with reliable information for a planning period of from five
to ten years. Conversely, at this time the cohort-survival
method seems to be the best technique in spite of its
limitations. As the most-often-used method, it is easily
understood and applied, thereby fulfilling one criteria of
concern when forecasting enrollments. The cohort-survival
method does, however, make certain assumptions:
1. A constant ratio between public and non-public
schools.
2. That policies regarding promotion, retardation
and elimination will remain the same.
^^Tatham and Finch, "Expansion of JCCC Demographic
Planning Model to Accommodate Enrollment Studies of ^A.11
School Districts of Johnson County, April 18, 1973, Appen-
dix C, p. 20, paper presented at Demographic Planning VJork
-
shop
,
October 11-13, 1973, ED 088 53iT
^^Wilson, p. 75.
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^ static,
q’ u°^j- rates will remain the same5. Holding power of the schools will remain the same.
Evidence is seldom given in enrollment studies for the
assumption that enrollment trends are stable and are likely
to remain so. Nevertheless, an assumption of continuity is
as adequate as one of change, if it is based on some careful
reasoning about future developments.
The complexity of some statistical techniques is such
that they preclude the average school administrator from
working with them. On the other hand, school administrators
should not place undue confidence in enrollment forecasts
prepared by an outside agency or by a computer. Denham^^ is
the only one to emphasize the importance for the school ad-
ministrator to have "adequate knowledge and understanding"
of the basis on which enrollment forecasts are made. She
cautions as well against possible overconfidence being placed
in one-figure forecasts. Thus a range of projections and
their underlying assumptions warrant careful consideration.
This conservative approach is also reflected in the current
practice of demographers and the Bureau of the Census when
projecting population.
Wilson^^ compared a list of methods used for fore-
casting in business and economics with those used by educators
and found very little overlap. As a result, he concluded that
69Denham, p. 4. ^^Wilson, p. 8.
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is no systGinatic invGstigation being carried on at
the present time to test these methods and that "those with
a legitimate interest in improving the methods are not giving
the matter their attention."
Bogue^^ aptly describes what needs to be done:
These efforts at population prediction must do more
than hold a mirror to the past in order to foresee
the future. Instead an effort must be made to
identify the processes at work and the forces that
underlie them, and then armed with this understand-
ing, to try to predict the future.
Population trends before 1960 are largely
irrelevant in what will happen in the future. In
time of social revolution it often is fruitless
to forecast the future on the basis of past expe-
rience. If enough can be learned about the social
movement that is bringing about the change
,
there
is hope that its eventual outcome can be predicted.
The need then is for a model that can reflect the
individuality of the community. The model should not restrict
the forecaster to mere projection of past trends if he feels
that there is an indication that the trends may take a new
direction in the future. The model must be easily adjustable
so that it can simulate results under differing assumptions
about various parameters. Finally, the model must be
demographically sound.
The Markov Chain models violate the first require-
ment in that the transitional probabilities would be the same
for each year of projection. The second and third require-
ments are amply met. However, these models present obstacles
71Bogue
,
p. 829.
48
in actual implementation. For example, the Mohrenweiser
model requires that lists be hand compared, making the data
requirements too time-consuming for practicability at this
time
.
I 72Denham's Monte Carlo simulation model met the above
requirements. Yet, the results of her simulation for the
Brockton, Massachusetts, school population were only slightly
(about 10%) better than the cohort-survival method. If
migration is the key to predicting population for a small
73
area, as Hawley and other demographers say:
Error in forecasting varies inversely with the size
of the territorial unit concerned. The smaller the
population, the greater the rate of change occasioned
by migration.
74then the current attempts by the ENSIM group in California
to add land development variables to modify the migration
component in the Denham model may prove fruitful. "Migration"
in this model is a single variable regardless of whether this
variable is the result of a new industry, a housing boom or
highway
.
The demographic models developed by Wilson^^ and
^^Denham, p. 108.
^^Amos H. Hawley, Human Ecology (New York: Ronald
Press, 1950), pp . 124-125.
^^William Gilmore, ENSIM: A Users Manual for a Land
Use Analysis-Based Enrollment Simulation . Research Report
11, Project SIMU School: Santa Clara County Component.
ED 096’751, pp. 55-105.
^^Wilson, pp . 61-81.
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Finch and Tatham^^ for the Johnson County Community College
have both projected public school enrollments for a single
school district with a high degree of accuracy. The purpose
of the two models is somewhat different; that is, the Wilson
model was designed for the singular purpose of projecting
enrollments while the Johnson County Community College model
was designed for planning. The Wilson model violates the
second requirement above; however, this does not seem to be
a serious limitation in that his model could easily be modi-
fied to handle heuristic "what if" kinds of questions.
If the critical factor in projecting population for
a small area is "migration," the calculation of migration in
these two models is of particular interest. In both instances
a net migration rate was calculated based on the change in
age-specific sex cohorts of the population between the 1960
and 1970 censuses. However, different methods were used to
assign population to sub-areas.
The difficulty in using either of these models is the
development of the required data base. The Wilson model re-
quires birth data by census tract which for many areas may
not be available. Furthermore, working with census tract
data may cause problems if the census tract boundaries change.
The Johnson County Community College model includes land use
^^Elaine Tatham and Harold Finch, "A Computer Model
for Demographic Projections in Educational Planning," paper
presented at Conference on Population Projections and
Related Future, Toronto, Ontario, November, 1974, ED 101 786.
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data. Generally, this data is not available at the census
tract level and becomes part of the cost of developing the
model
.
In spite of these difficulties, demographic models
appear to have the best potential of the methods that have
been used to forecast public school enrollments. The results
from these models indicate that further investigation of this
type of model is warranted using towns of varying size and
growth conditions.
CHAPTER III
DESIGN OF THE MODEL
Introduction
The primary objective of this study is to construct
best a computer-based simulation model using demographic
components to forecast public school enrollments. Simula-
tion provides the means to evaluate a number of alternatives
supplied to the model by the decision-maker. Such a simula-
tion, designed to describe a real-world situation, is known
as a "descriptive" model. A descriptive model is formulated
to estimate the effects of changing the values of the compo-
nents in the model, thus changing the relationships among the
components. In this type of analysis there is no such thing
as knowing if one has used "optimal" strategy and therefore
obtained the one best answer.
Such a model is intended to support the decision-
maker rather than relieve him or her from decision-making
responsibility. Models can present the results of the inter-
relationships among the alternatives being considered, but
the decision-maker must formulate the basic questions to be
addressed by the model and then, recognizing the model's
limitations, interpret the model's results in the light of
51
52
his or her experience and intuition. Combining the computa-
tional capabilities of the computer with the judgmental
capabilities of the human decision-maker should result in
better decision-making. Thus the simulation model is intended
to be a decision-support tool for strategic planning.
A simulation, in order to be useful, must provide a
realistic and detailed representation of the problem under
study and allow the decision-maker to test the various alterna-
tives he or she might wish to consider. Formulating such a
model is often the most important and difficult task because
real-world decision-making problems are most often complex,
involving variables where the exact nature of the inter-
relationships can only be hypothesized. Thus the designer
of a model has the difficult task of abstracting from a
great deal of uncertainty, a model that is not only analo-
gous of the real world in design but one that can also be
manipulated
.
In order to be useful, a model must be a simplified
abstraction of the real world and in addition it must be
easy to use and easy to understand. The development of such
a model is similar to any other decision-making process.
Formulate the Model
Gather the Data
Obtain a Solution(s)
Determine if the Solution(s) meets the Required
Level of Accuracy
53
Assumptions Made in the Formulation
of the Model
The basic assumptions involved in the design of the
study are:
-- A simulation can accurately project a population
into the future if the components in the model
correctly reflect the "processes at work."
School enrollments can be related to the total
population as a ratio.
A heuristic process can be used to refine the
model
.
An accuracy criterion of an error rate of + \% per
year of projection is a "good enough" solution.
Definition of Terms
The following definitions are given to help clarify
some of the key terms that will be used when discussing the
detailed design of the model.
1. Actual enrollment is the number of pupils that are
reported to the Connecticut State Department of
Education as of October 1 of a given year for a
school district.
2. Average daily membership is the average of the
actual enrollments on October 1 and April 1 of a
given school year for a school district.
3. Enrollment forecast is the number of pupils that
might occur at some specific future time based on
certain conditions.
4. Projection accuracy is the difference, stated as a
percent of the actual enrollment, between the pro-
jected and the actual enrollment of a school system.
5. The cohort-survival method is a ratio system used
for projecting public school enrollment. It is based
on the computation of a survival rate from each grade
to the next higher grade the following year. This
rate represents the proportion of the group or
cohort that survives to the following year.
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Demography is "the science or study of the vital
statistics of populations, concerned particularly
with the rate of population change and the causes
of such change; involves a study of moral, intel-
lectual, physical, physiological and economic
factors affecting births, marriages and mortality."^
• Demographic characteristics of a population are those
variables that pertain to age, sex, marital status,
color and nativity.
8- Age-specific fertility rates are the number of chil-
dren born to a cohort of women of child-bearing age
(15-49) divided by the number of women in that
cohort. (See Appendix E for example.)
9.
Crude birth rate is the number of births in a year
per 1,000 residents.
10. Crude death rate is the number of deaths in a year
per 1,000 residents
.
11. A life table is a table of probabilities of living
for a given period for each age and sex cohort.
12. Natural increase is the difference between the
number of births and the number of deaths in a
given period.
13. Net migration is the population change between two
periods minus the natural increase for that period.
Determination of Programming Language
Many of the school systems in Connecticut have access
to or own mini- computers . The BASIC (Beginners All Purpose
Symbolic Instruction Code) programming language is common to
these computers. It was felt that more school systems could
make use of the model if it was available in this programming
language. (A Users Manual will be found in Appendix C.)
^Edward Grant Stockwell, Population and People
(Chicago, 111.: Quadrangle Books, 1968), p. 210.
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The Forecasting Model
Introduction
The value of a descriptive model lies in the user's
to see the effects of the interrelationships of the
components within the model under varying conditions of
^^terest to the user. The model must be easy to understand
and use; therefore, the design of such a model must be simple
as well as straightforward and analogous to the real world.
The focus of the Model designed for this study is
to project population and school enrollments for a "small
area." The level of aggregation chosen by the user will
depend upon the data that is available for the area. For
example, after investigating the data that were available
for the field testing of the Model, the town aggregation was
used simply because data by census tract was not available.
(See Chapter IV for a discussion of data problem.s encountered
in the field test.) The Model is designed to use data from
the past two census reports (1960 and 1970)
.
Once the 1980
Census data become available, data input into the model
should be from the 1970 and 1980 Census reports. This change
in the data input will not require modification to the design
of the model.
Overview of the Computer Program
The Model consists of two main modules. Within each
of these modules there is a series of routines which may be
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characterized as either "work" routines or "what if" routines.
The work routines take the input data and process it for
later use by the "what if" routines. The "work" routines
also handle the printing of the report and the updating of
the data base. The "what if" routines comprise all of those
routines from among which the user may choose the options
for a particular run of the Model. The following is a brief
description of the way in which the Model is executed.
The two main modules in the Model are the population
projection module and the school enrollment module. The
data base consisting of population, death and birth data is
input into the population module. From these data the migra-
tion rates and age-specific life rates and death rates are
calculated for each age and sex cohort and stored in tables
within the computer for later use. Once the "housekeeping"
chores have been taken care of by the "work" routines , the
forecasting procedure can begin.
In order to execute the forecasting procedure, the
computer interrogates the parameter card submitted by the
user. The parameter card tells the computer which of the
"what if" routines are to be used to calculate the births,
deaths and migration, the number of years to be forecast and
how often a report is to be printed. Based on the options
determined by the parameter card, the population by age and
sex is calculated. If printing is to take place, the pro-
gram continues on to execute the enrollment module; otherwise
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the population is aged one year and the process is repeated.
The enrollment module calculates the school popula-
tion based on input from the latest census. Printing of the
population by five-year age and sex cohorts and the school
population for kindergarten, grades 1-8 and grades 9-12
takes place. The population is then aged one year and the
process is repeated until all of the years to be forecast
requested by the parameter card have been satisfied.
Housekeeping and
Input of Data Base
This routine initializes all of the variables and
reads all of the data required for the calculation of both
the estimated total population and estimated school popula-
tion including the data from the parameter card.
Fertility ratios by female age cohort (ages 15 to
49) for the State
-- Life table for the State by five-year age and sex
cohorts
National Migration Rates for the United States by
five-year age and sex cohorts
Ratios from Age-Grade Matrix data for the SMSA
from the latest census
The following data is entered for each town:
Town name
— Parameters (See Appendix C for description)
-- Population by five-year age and sex cohorts for
ages 0-4 through 75+ from each of the past two census
reports (1960 and 1970)
-- Deaths by age and sex cohorts for each of the past
two census years (1960 and 1970)
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Crude birth and death rates for the latest census
year
-- Public school attendance as a percent of children
attending school from the latest census year.
Population Module
The population module is independent of the enroll-
ment module. Since school enrollment is conceived of as being
a subset of the total population, the population module con-
tains all of the routines necessary to calculate the popula-
tion of an area. A description of the routines in the popu-
lation module follows:
Migration component . The migration component is
considered to be the most important component to affect the
accuracy of projections for small areas; therefore, two "what
if" routines are available to the user through the parameter
card
.
Method l--Ratio Method
This method makes the assumption that the pattern of
migration for the age and sex groups will continue into
the future as it was in the past ten years. Total
net migration for the latest decade (1960 to 1970) is
computed as follows:
MigT_(T_i) = PoPx (T-1)
\\niere
:
Wigf- (T-1)
Total Net Migration for decade
(net increase or decrease in
population)
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PoPt
Popx.i
BirthSx.(x.i)
Deaths^_
Total Population for Town (reported
by the 1970 Census)
Total Population for Town (reported
by the 1960 Census)
(Births^_^ + Births^)
1
-k 10
2
(Deaths^_^ + Deaths,p)
- * 10
Net migration for each age and sex cohort is computed
in a similar manner. The net migration for each age
and sex cohort is then divided into the total net
migration (Mig^
^^) to create a ratio. These ratios
are stored in a table for use in the Update Routine,
Method 2--National Census Migration Ratios
This method assumes that the migration pattern for
each age and sex cohort for a Town is the same as the
national migration pattern. Like Method 1 it assumes
that the ratios for the past decade will continue
into the future. Using this method, each 1960 age and
sex cohort for a Town is multiplied by the 1970 national
2
migration rates published by the Census Bureau to
create an "expected" 1970 population. The difference
between the expected population and the actual 1970
population is adjusted proportionately to create a net
^United States Department of Commerce, Bureau of the
Census, Current Population Reports , Series P-23, No, 41
(April 1972)
,
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migration population for each age and sex cohort.
Ratios are obtained by dividing the net migration
for each cohort into the total net migration. These
ratios are then stored in the migration table for use
in the Update Routine. (See Life Table Survival Rate
Method in Appendix E.)
Death component
. Age Specific Death Rates (ASDR) are
calculated for each of the past two census years (1960 and
1970) using the number of deaths by age and sex cohorts as
reported by the State Department of Health.^ These rates
are stored in a table for use in the Update Routine. The
calculation for the 1960 ASDRs is shown below. The 1970
rates are calculated in the same manner.
ASDR.^60 = Deaths^Q/Popgo
Where
:
ASDRbo = Age Specific Death Rates for 1960
Deaths,, p-60
= Number of deaths for each age and sex
cohort
^°P60 = Number of persons in age and sex cohort
Birth component. Using the state fertility ratios
from the State Department of Health,^ Age Specific Birth
^Connecticut State Department of Health, Register
of Vital Statistics
,
Table 15, 1960, pp . 145-149, and l970,
pp . 141-145
.
^Connecticut State Department of Health, Register
of Vital Statistics
,
Table 14, 1960, p. 16, and 1970, p. 17.
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Rates (ASBR) are created for each of the latest two census
years (1960 and 1970) for each cohort of women of child-
bearing age (15-49). The calculation for 1960 is shown
below. The 1970 rates are calculated in the same manner.
Births^Q = Fertility Ratio^Q * Total Births^^
ASBRbo = Births^Q/Female Pop^Q
Where
:
Births^^
60
Fertility Ratio^Q
Total Births^^60
ASBR.^60
Female Pop^Q
Number of births in age cohort
Ratio of births in age cohort
Total children born
Age Specific Birth Rate
Female population in age cohort
Update Routine
The Update Routine interrogates the parameter card
submitted by the user to find the following:
Beginning year of forecast
Ending year of forecast
Years that reports are to be printed
Options to be used to project births
Options to be used to project deaths
Yearly migration
Based on the above parameters, estimated births, estimated
deaths and estimated migration are calculated for each age
and sex cohort.
Choices for the birth and death options are explained
below:
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Births
.
1. Extension of past trend.
The Age Specific Birth Rates, previously calculated
for each age group of child-bearing women for the
latest two census reports (1960 and 1970) are used
for the calculation. The change in births will be
proportionally the same in the future as it was
during the base period (1960 to 1970)
.
2. Calculation using Crude Birth Rate for latest census
year (1970) .
The calculation of births is based on the latest
census report (1970) Crude Birth Rate which is
input as part of the data base. The Crude Birth
Rate is the number of births per 1,000 residents
of a Town. Thus the number of births change as
the total population of the Town changes
.
3. Calculation using fertility rate per 1,000 women
of child-bearing age
Births are divided into the total number of women
of child-bearing age to obtain a general fertility
rate for the latest census year (1970) . This gen-
eral fertility rate is used to calculate the number
of births in future years . Thus the number of
births change as the total number of women of child-
bearing age (15-49) changes.
4. Increase or decrease of the birth rate over the
period of the forecast.
If the user believes that births are going to
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increase or decrease during the forecast period, the
percent of change may be specified on the parameter
card. The percent of change is distributed to each
age specific birth rate equally over each year of
the forecast period. For example, if the user sus-
pects that the birth rate is going to increase 10%
over the ten-year forecast horizon, the birth rates
be calculated to show a 1% increase in each
of the years to be forecast. These adjusted birth
rates will be applied to the number of women in
each age cohort of women of child-bearing age.
Deaths
.
1. Extension of past trend.
The Age Specific Death Rates, previously calculated
for each age and sex cohort for the latest two
census years (1960 and 1970) are used for the death
calculation. The change in the number of deaths
will be proportionally the same in the future as it
was in the previous decade (1960 to 1970)
.
2. Calculation using Crude Death Rate
The calculation of deaths is based on the latest
census year (1970) Crude Death Rate which was input
as part of the data base. The Crude Death Rate is
the number of deaths per 1,000 residents of a town.
Thus the number of deaths change as the total
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population of the town changes
,
3. Increase or decrease of the death rate over the
period of the forecast.
If the user believes that deaths are going to
increase or decrease during the forecast period,
the percent of change may be specified on the
parameter card. The percent of change is distributed
to each age-specific death rate equally over each
year of the forecast period. For example, if the
user suspects that the death rates will decrease 57o
over the forecast period, the age-specific death
rates will be reduced by .57. for each year of the
forecast period. These adjusted rates will be
applied to each age and sex cohort.
4. Calculation using a life table^
For this study, a table based on the 1960 and 1970
death rates for the State of Connecticut was used.
Life tables are used to calculate the number in each
age and sex cohort that survive to the next time
period
.
Migration .
1. Assume the future yearly migration will be the same
as the average yearly migration for the base perio .
^Thomas E. Steahr, The Population
^
Abridged Life Tables by Sex and Color, 1959-61 and 1969-71
Tstorrs Conn . : Department of Rural Sociology, College
ot
Agriculture and Natural Resources, University of Connecticut,
June 1973), Research Report 41.
65
The user may assume that the town will continue to
grow (or decline) by the same number as the base
period
,
Assume that future yearly migration will be alikely number of persons
Based on a knowledge of local conditions, the user
may input the number of persons "expected" to move
into (or out of) the area. That is, the town may
develop more (or less) rapidly than it did during
the base period.
Calculation of new population
. Once the options for
the above components have been chosen, the calculations for
the components are made for each age and sex cohort and
stored in the output table. The classic algorithm to com-
pute the new population is then used to compute the updated
population as follows
:
Pop„ + Births m “ Deaths(T+l)-T (T+l)-T -
VJhere
:
Population of Projected Year
Population of Base Year
Births for Forecast Period
Deaths for Forecast Period
Those persons moving into less those
persons moving out of the area for
the Forecast Period
Por example, the 1971 population for a town would be computed
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by adding the births during 1970, subtracting the deaths
during 1970 and adding (or subtracting) the migration that
was expected to occur, to the 1970 population.
The Update Routine updates the population one year
at a time regardless of the print parameter that is specified.
Once the estimated population for the new period is calculated,
the print parameter is checked to see if printing is required.
If printing is required, the enrollment module is executed
and printing takes place. Otherwise the population is "aged"
by moving one-fifth of each age group to the next higher age
cohort and adding the births for the period to the first age
cohort (0-4)
.
Enrollment Module
In the design of this module, the following assumptions
are made
:
The distributions of pupils attending school in
each town in the SMSA is accurately reflected by
the SMSA age-grade data reported by the latest
(1970) census for that area.
The proportion of pupils attending public school
is accurately reflected by the ratios reported
for each city or town in the latest census.
In a separate computer program the SMSA age-grade
table from the latest census is converted into ratios for
age and sex cohorts 0-4 through 20-24 attending elementary
and secondary school. These ratios are then used as part
of the data input into the enrollment module.
Using these ratios, the school population (both
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public and private) is created. The ratio for each town
representing the proportion of public school pupils of the
total attending school is applied to obtain the number of
public school pupils in kindergarten, grades one through
eight and nine through twelve (and nursery school where
appropriate)
.
Print Routine
The name of the town and the parameters used in the
calculation of the forecast are printed. This identifying
^^fu^^stion is followed by a table showing the population by
and sex cohorts
,
the deaths and migration by
age and sex cohorts that took place during the preceding
year and the number in each age cohort attending school.
(See Table 3.1) Following this table, the number of pupils
attending school by grade groupings of kindergarten, ele-
mentary (grades 1-8)
,
and secondary (grades 9-12) and
nursery school (where appropriate) is printed.
Sources of Data
Sources of data needed for the creation of the data
base should be investigated in order to determine the level
of aggregation at which the Model may be used. If data are
not available, the user may choose a higher level of aggrega-
tion or eliminate a particular option. For example, if a
life table for a state was not available, the user has a
choice of using a life table for the United States or of not
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using the life table option to calculate deaths. Some areas
maintain vital statistics data by census tract. This could
allow the Model to be used on a lower level of aggregation.
For this study, data needed for the creation of the
data base were obtained from the state and federal sources
identified below; however, data for births and deaths are
also available at the local level. The enrollment data that
were collected for validation purposes were obtained from
the Connecticut State Department of Education. The local
school districts had originally submitted this data to the
CSDE on their Fall School Report (ED 054)
.
From Table 14, Register of Vital Statistics for 1960 and 1970(State Department of Health) "
Births 1960 and 1970
Crude Birth Rate 1970
Deaths by Age and Sex Cohorts for 1960 and 1970
Crude Death Rate 1970
Fertility Ratios by Age of Women, 1960 and 1970
University of Connecticut, Department of Rural Sociology
Abridged Life Tables for 1960 and 1970
United States Department of Commerce, Bureau of Census
General Population Characteristics (PC(1)), 1960 and 1970
For towns and cities with population over 2,500
Five-year age and sex cohorts (Tables 24,
28, 31)
School Attendance Rates (Tables 83, 103,
117)
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Census Tracts, Hartford, Conn, SMSA (PHC(1)87)
,
1960 and
For towns with populations of less than 2,500
Population by age and sex cohorts
School Attendance Rates
Detailed Characteristics. Connecticut ('PCn')dR'> IQTn
Tible 146 " ^ ^
ratios were calculated from data obtained
from the Hartford SMSA portion of the table.
Current Population Reports. Series P-23. No. 41 fAnri 1
1972) — ^
National Census Migration Rates from 1960 to 1970
Summary
This chapter has described the detail design of the
Model, and suggested possible data sources for developing
the data base. The next chapter describes the field testing
of the Model as well as a discussion of the results from
several hypothetical applications of the Model.
CHAPTER IV
FIELD TEST AND RESULTS OF TEST FOR THE TOWNS
IN THE HARTFORD, CONNECTICUT,
STANDARD METROPOLITAN STATISTICAL AREA
Introduction
The Model is based on the premise that the school
population is a subset of the total population. Thus future
population trends must be predicted correctly if school
enrollments are to be projected accurately. Those persons
on the local level who have knowledge of local conditions
are best qualified to ascertain the trends of the future for
their area, but even here state officials advise caution.
They believe that local planners are apt to be optimistic
in their projections.
Connecticut is a small state in geographical area,
comprised of 169 towns
,
with three main population centers
which make a heavily populated corridor through the middle
of the state. Both the northeast and northwest corners of
the state are sparsely settled. Planning regions as defined
by the state ignore the county boundaries. Unlike the rest
of the United States the Census Bureau for the New England
States has defined the Standard Metropolitan Statistical
Areas (SMSA) in terms of regions. With Hartford as the State
71
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Capitol and geographically almost in the exact center of the
state, the Greater Hartford Region is a popular area for
experimentation by state officials (see Figure 4.1). in
the Hartford SMSA there are 30 cities and towns. A list of
the cities and towns in order of their 1970 population along
with the percent of population change from 1960 to 1970 is
shown in Table 4.1. School populations are also shown along
with the percent of change from the previous decade. A
brief look at the changes that have taken place in the popu-
lation and enrollments in the towns in the Hartford SMSA
during the 1960 and 1970 decades follows.
For the decade of the 60s the SMSA followed the state
and national trends of an increasing population. During
this period the state's population increased 207o while the
SMSA's population increased at a slightly faster rate of
22.07o. This growth occurred in the towns surrounding
Hartford. Though the population in Hartford continued the
decline that began during the 1950 decade, it continued at
the slower rate of 2 . 57o as compared with 8 . 57o for the pre-
vious decade.
Between 1960 and 1970 the Crude Birth Rate (births
per 1,000 population) for the SMSA declined 26.57o. This was
larger than for the state as a whole which experienced a
decline of 19.37o. Following the introduction of the pill
as a contraceptive device in the 1960s , the birth rate in
Connecticut dropped to the lowest of any state in the nation
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and at the present time, the birth rate continues to be one
of the lowest. Table 4.2 shows the change in population,
crude birth and death rates for the cities and towns in the
SMSA for 1960 and 1970.
The two components that reflect the change in the
population of an area are natural increase (births minus
deaths) and net migration (persons moving in minus persons
moving out of the area) . Migration is dependent upon the
economic climate of an area; such as, the job market, the
availability and cost of housing, transportation and quality
of schools. By obtaining the change in the 1970 population
due to natural increase and assuming the rest of the change
to be due to migration, a determination can be made as to
which of the two components is the more influential. That is
for those towns where a large part of the change in popula-
tion is due to natural increase, the birth rate is a more
important component than the migration component.
Table 4.3 shows the change in the SMSA population
by town between 1960 and 1970 due to natural increase and
migration. From this table it can be seen that 60% or more
of the growth of five towns can be accounted for by natural
increase while in-migration accounted for 60% or more of
the
growth for 12, or 40%, of the towns. For the remaining
13
towns the two components were almost equally
weighted (between
40 and 60 percent). The relationship between these
components
may change from one -decade to the next due to
the availability
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TABLE 4.3
CHANGE IN POPULATION BETWEENAVERAGE YEARLY NATURAL INCREASE AND AVERAGE YEARLY
MIGRATION FOR 1960 TO 1970
School
District
Population
1960 1970
Andover 1,771 2,099
Avon 5,273 8,352
Bloomfield 13,613 18,301
Bolton 2,933 3,691
Canton 4,783 6,868
Coventry 6,356 8,140
Cromwell 6,780 7,400
East Granby 2,434 3,532
East Hartford 43,977 57,583
East Windsor 7,500 8,513
Ellington 5,580 7,707
Enfield 31,464 46,189
Farmington 10,813 14,390
Glastonbury 14,497 20,651
Granby 4,968 6,150
Hartford 162,178 158,017
Hebron 1,819 3,815
Manchester 42,102 47,994
Marlborough 1,961 2,991
Newington 17,664 26,037
Rocky Hill 7,404 11,103
Simsbury 10,138 17,475
South Windsor 9,460 15,553
Suffield 6,779 8,634
Tolland 2,950 7,857
Vernon 16,961 27,237
West Hartford 62,382 68,031
Wethersfield 20,561 26,662
Windsor 19,467 22,502
Windsor Locks 11,411 15,080
Average
Natural
Increase
Average
Migration
No. 7o No. 7o
302 97. 5 8 2. 5
490 15. 9 2,589 84. 1
1,655 35. 3 3,033 64. 7
405 53. 4 353 46. 6
875 41. 9 1,210 58. 1
1,170 65. 5 614 34. 5
730 115. 8 -110 -17. 7
465 42. 3 633 57. 7
6,936 50. 9 6,671 49. 1
995 98. 0 18 2. 0
915 43. 0 1,212 57. 0
7,020 47. 6 7,705 52. 4
1,415 40.,1 2,112 59. 9
1,895 30.,7 4,259 69.,3
805 68.,1 377 31..9
20,470 491,.9 -24,631 -591,,9
600 30,.0 1,396 70,.0
5,010 85,.0 882 15,.0
555 51,.9 475 48 .1
2,030 24 .2 6,343 75 .8
790 21 .3 2,909 78 .7
1,680 22 .8 5,657 77 .2
1,980 32 .4 4,113 67 .6
686 36 .9 1,169 63 .1
870 17 .7 4,037 82 .3
4,805 46 .7 5,471 53 .3
1,330 23 .5 4,319 76 .5
1,035 16 .9 5,066 83 .1
11,530 50 .4 1,505 49 .6
1,805 49 .1 1,864 50 .9
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of vacant land, placement of new highways, conditions in sur-
rounding towns and changing social and economic conditions in
the region such as inflation or lack of jobs.
During the first half of the 1970 decade, the Census
Bureau estimates that there was an outmigration of 1 . 87o and
only a slight increase in population for Hartford County of
0.77o.^ The 1975 births for the towns in the SMSA as reported
by the State Department of Health show only two of the towns
having a greater number of births in 1975 than in 1970 in
spite of the increase in the number of women of child-bearing
age. However, preliminary estimates of births for 1977 for
the state show an expected increase of about 167o. This may
signal the end of the downward trend in births as Sklar and
2Berkov predicted. Nevertheless, future birth rates and
migration will depend largely on the state's job market and
the climate of the national economy, both of which are highly
unpredictable. Population projections made by the State
3Department of Planning and Energy to the year 2000 show a
small but steady increase in population for the state.
^United States Department of Commerce, Bureau of the
Census
,
Estimates of the Population of Connecticut Counties:
July 1, 1974 and 1975. Series P26, No. 75-7, September 1976.
2
June Sklar and Beth Berkov, "The American Birth
Rate: Evidence of a Coming Rise," Science , August 29, 1975,
pp. 693-700.
^State of Connecticut, Department of Planning and
Energy Policy, Population Projections for Connecticut Plan -
ning Regions and Towns ,- 1980-/000 . dune , 1976 .
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The school enrollments for the Hartford SMSA for the
decade of the 60s followed the increasing population pattern
with increasing enrollments. The median increase was 52.0%
while the largest increase was 181.7% (see Table 4.1). Only
two of the towns did not experience significant growth pat-
terns in their school population. It should also be noted
that Hartford s school population increased by more than 25%
despite the decline in the total population for the city.
In December, 1967, the Connecticut Public Expenditures
4Council (CPEC) warned of a downturn in enrollments in the
elementary grades due to the decreasing birth rate. At the
same time the CSDE^ projected a downward trend in the need
for elementary teachers between the 1970-71 and 1973-74 school
years. Based on the CSDE projections for the need for new
teachers, most school administrators expected only a pause
in their enrollments and then the resumption of increasing
enrollments as the war babies reached child-bearing age and
began to have families. After twenty years of increasing
enrollments without enough facilities or teachers
,
they felt
that this was a time to begin to make preparations for the
increasing enrollments of the future. Thus the CPEC warning
^Connecticut Public Expenditures Council, Inc.,
"Decrease Forecast in Public School Enrollment after 1970,"
News and Views 81 (December 1967) .
^Maurice J. Ross, Connecticut's Need for New Teach-
ers
,
1968-1982, Research Bulletin No. 3, Connecticut State
Department of Education, 1967.
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went largely unheeded by the educational community; however,
the public began to vote down bond issues for the building
of new schools at an unprecedented rate.
Connecticut with its highly skilled labor force
experienced high unemployment with the ending of the Vietnam
War and the decline in the number of federal defense contracts
coming into the state. With projections of a net outmigration
or only a little growth, and a marked decrease in birth rates,
the migration and birth components for most towns in the SMSA
changed significantly in the 70s. As would be expected,
these changes were reflected in the school enrollments.
Table 4.4 shows the actual enrollments in the 1969-70
through the 1976-77 school years and the percent of change
from the 1969-70 enrollments. The median change in enroll-
ments for the period was a decline of 5.87o. Nine tovms had
higher enrollments in 1976-77 than in 1969-70, but of these
towns only four had continuously increasing enrollments, and
only one showed an increase somewhere near the median in-
crease of the previous decade. On the other hand three of
the towns experienced decreasing enrollments of over 207.
.
Half of the school systems experienced their peak enrollments
between the 1969-70 and 1971-72 school years. Thus what had
been a linear trend of increasing enrollments for most of the
towns in the SMSA for the past twenty years ended and a de-
creasing trend set in as growth slowed or stopped and the
birth rate declined.
PUBLIC
SCHOOL
ENROLLMENTS
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Design of the Field Test
Demographic Model
A descriptive model is not intended to give the user
the exact answer, but a single best answer is highly likely.
It allows the user the opportunity to look at the results of
the interaction of the components under varying conditions
.
By changing the relationship of the components
,
the user may
obtain a range rather than a single projection. This gives
the user the opportunity to plan alternative strategies.
To obtain data to determine how well the Model met
the accuracy criterion established for this study as well
as provide data to be used for comparison purposes with other
methods used to project enrollments, two runs of the Model
were made using realistic birth and migration data. Another
run was made to demonstrate the "what if" capability of the
Model. None of the runs used data based on input from local
sources . In one run the migration parameter was based on
building permit data. For another run the migration parameter
was based on census data used for revenue-sharing purposes
,
and the third run was a continuation of the migration trend
from 1960 to 1970. These means of creating the migration
parameter in the first two instances were used because the
data were available from a central source and reflected the
changes that had taken place during the first part of the 1970
decade. No doubt persons at the local level with a knowledge
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of local conditions could provide more realistic data for
the migration parameter.
For validation purposes a routine was added to the
computer program to allow the difference between the actual
STT-i^ol Imen t and the forecasted enrollment to be calculated
and the percent of error, as a function of the actual enroll-
ment to be printed. Therefore, for this study actual enroll-
ments were also input. as part of the data into the program.
The resulting enrollment projections were compared
with actual enrollments for the school years 1970-71 through
1976-77. The criterion of accuracy of + 17o per year of pro-
jection was applied and the projections within the error
range were counted. The percent of error from the actual
enrollment for each of the three runs was plotted for each
of the towns and will be found in Appendix D.
From the three demonstration runs, it was found that
some projections within the required accuracy level were
obtained for each of the 30 towns except the town of Granby.
As a result, the pattern of the net migration for Granby for
the 1960 to 1970 period was examined for each age and sex
cohort, since all future migration calculations would be dis-
tributed in this manner. This check of the data indicated
that there was outmigration for the 10-14 year old group with
no corresponding outmigration for age cohorts representative
of parents for this age group. Next, the births for 1955 to
1959 were summed and compared to the 1960 Census data for
87
the 0-4 year old age cohort. The comparison showed the num-
ber in the 0-4 year old age cohort reported by the census was
more than 257o greater than the number of births. From this
finding it appeared that the 0-4 year old age cohort for 1960
was overstated. Unfortunately Granby was not part of the SMSA
in 1960 so Census Tract data was not available for further
verification. Finally the results for the projections using
the cohort-survival method for Granby were examined. They
revealed that all of the projections were within the estab-
lished accuracy criteria; thus there appeared to be nothing
unusual about the school population. Based on poor census
data, Granby was dropped from the analysis of the runs. A
similar check of the net migration was made for the other
towns in the SMSA. This check did not reveal an unusual mi-
gration pattern for any of the remaining towns. Data prob-
lems relating to the study will be discussed in Chapter V.
The assumptions made which were thought to be typical
assumptions to simulate a knowledge of local conditions used
to demonstrate the Model are as follows:
-- What if the trends for births, deaths, and migra-
tion from 1960 to 1970 continued.
-- What if the births follow the trend of the actual
births from 1970 to 1975, deaths follow the 1960
to 1970 trend and migration is based on building
permit data.
-- What if births follow the trend of the actual births
from 1970 to 1975, deaths are based on 1970 Crude
Death Rates and migration is based on federal census
data for revenue- sharing purposes.
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The first run was an attempt to demonstrate a typical
question a school administrator might wish to ask; that is,
If the current trends continued, what would the school popula-
tion be?
The parameters for the second and third runs were
based on data available from federal sources that was believed
bo reflect the conditions that had occurred within the towns
in the SMSA between 1970 and 1975. Again it should be empha-
sized that data input from a source with knowledge of local
conditions would probably give superior results
,
even though
in practice they would not have had the benefit of "hindsight"
but it must also be remembered that the intention of the
design of the Model is to make a range of projections based
on varying conditions that may affect the future school popu-
lation rather than to make a single-point projection.
Because final validation of the population forecasts
from the Model cannot be made until 1980 Census data is
available, enrollments were calculated using two methods.
First, enrollments were calculated using the enrollment
module based on census data, and secondly, enrollments were
created using a ratio based on 1969 enrollment to 1970 popu-
lation for the total of the 5 to 19 year old age cohorts and
will be referred to as the ratio method. This method assumes
that the ratio of enrollment to the total of the school-age
population will remain constant. Therefore, it assumes that
the dropout rate and the number of pupils attending private
89
schools will remain constant. Thus a knowledge of local con-
ditions is necessary in order to determine if this is an
acceptable method of calculating school enrollments for a
town
.
An attempt was also made to validate the Model on a
basis of "reasonableness." Population projections were
extrapolated to 1980 and compared to the "official" 1980 state
population forecasts. The enrollment projections that most
nearly coincided with the state population forecasts were
compared with actual enrollments for the 1970-71 through
1976-77 school years. Enrollments within the acceptable
error limits were counted. An analysis of the results will
be found in a later section of this chapter. Although this
can be considered as a validation based on the "reasonable-
ness" of the Model, it must be remembered that the portion of
error due to the population module and that due to the enroll-
ment module of the Model cannot be ascertained until 1980
Census data is available. Also, although the state popula-
tion estimates represent the very best estimates that are
available, it will not be known how much in error they are
until 1980 Census data becomes available.
Cohort- Survival Model
For comparison purposes
,
a computer program for a
cohort- survival model was obtained from one of the school
systems in the Hartford SMSA. The model was modified to allow
90
more than one school system to be run at a time and to obtain
a ratio of births to first grade for those school systems
that did not have kindergartens in 1960.
Computer runs were made for each of the towns
,
ex-
for the three towns that built high schools after 1960
using three different base periods: 1960-69, 1965-69 and
1968-69. Enrollment projections were made for the years
1970-71 through 1979-80. For each town the base period that
had the least percent of error for the years 1970-71 through
1976-77 when compared with actual enrollments was chosen to
be used for comparison purposes with the demographic Model.
Exponential Smoothing Model
The actual total enrollments for the years 1959-60
to 1969-70 were used t3 project enrollments from 1970-71 to
1979-80 using exponential smoothing. Exponential smoothing
is explained and the computer program described in Appendix G.
Results from Field Test of
Demographic Model
Run 1--Es timation of Population
by Continuing the 1960-70 Trends
Parameters for Run 1 reflect the continuation of the
trend from the 1960 decade for births, deaths and migration
through the 1976-77 school year. Based on the state popula-
tion projections, the growth of the SMSA has slowed, or if the
Census Bureau projections are more nearly correct, the area is
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actually experiencing outmigration. It was expected that
this run would produce a high enrollment projection for the
majority of towns in the area and consequently there would be
fewer projections within the established error criterion.
However, it was also expected that for some towns, the
school population would run contrary to the trend, and for
these towns the projections would be an accurate or even a
low projection.
Table 4.5 shows the percent of error between the
actual and projected enrollments; the number and percent of
projections within the acceptable error limit; the number
and percent of projections within + 5%; the mean; the standard
deviation and the range for the 1970-71 through the 1976-77
school years. The count of the number of projections within
the acceptable error limits is 87 or 43%. In looking at the
projections for each year, the projections for the 1970-71
school year were poorest with only six out of 29 projections
within the acceptable range, and in the 1976-77 school year
24 out of the 29 towns were overprojected. On the other
hand, 25 of the 29 projections for the 1970-71 school year were
underprojected although 27 of the 29 projections were within
+ 57o of the actual enrollments.
The range of error and standard deviation were almost
identical for the first and second years. As was expected,
the error range and standard deviation increased with the
length of projection and the number of projections within
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TABLE 4.5
PERCENT OF ERROR BY TOWN
BETWEEN PROJECTED AND ACTUAL ENROLLMENTS
RUN l--Estimation of Population by Continuing
the 1960-70 Trends
School District 70-71 71-72 72-73 73-74 74-75 75-76 76-77
Andover 0.1 1.9 4.0 10.0 12.5 9 8 6 9Avon
-33 -23
-3.5
-0.8 2.3 4 8 73Bloomfield
-1.4 2.0 3.8 03 73 12
.
3
Bolton
-3.0
-1.4 0.0 3.6 5.8 10.0 15.3Canton
-1.7 33 2.5 32 5.9 9.1 12.6
Coventry
-3.6
-2.2
-1.6 2.1 1.5 4.1 7.1
Cromwell
-4.1
-7.7 33 -15.3 -18.8 -203
-19.6
East Granby -0.1
-1.6 -4.3
-4.7 -6.9 -8.8 -5.9
East Hartford 33 33 4.5 6.5 10.2 12.8 173
East Windsor 33 3.2 6.7 7.2 5.5 8.5 4 .
6
Ellington 4.8 4.4 0.0 0.0 -1.4 -1.9 1.2
Enfield -3.6 -2.6 03 3T 33 irre 183
Farmington -5.8 -4.0 -5.2 -3.2 0.2 3.3 5.1
Glastonbury -0.8 -0.4 -0.2 -1.7 -T3 -1.4 27 2
Hartford 33 33 3.9 33 33 33 23
Hebron -4.2 -7.2 -6.8 -6.0 -3.1 -0.2 7.0
Manchester -4.9 -4.2 -3.6 -3.7 -3.5 33 -23
Marlborough -2.2 -1.4 -4.6 33 -373 -12VO -14.6
Newington -1.3 33 1.7 3.8 6.6 8.4 12.4
Rocky Hill -1.0 33 13 03 3.1 2.3 -1.2
Simsbury -3.4 -2.7 -3.1 -1.9 -1.8 0.9 3.3
South Windsor -1.3 -0.1 1.2 33 33 73 103
Suffield -3.5 -3.3 -5.7 -4.5 -0.5 -0.3 1.2
Tolland 2.6 3.7 8.1 11.5 T53 33 2T3
Vernon -2.9 -0.9 2.4 7.9 9.5 14.3 19.4
West Hartford
Wethersfield
Windsor
Windsor Locks
Total within +17o
C/o)
Total within 4-57o
5.9
3.1
1.9
• 0.1
5.6
1.3
TT^
4.0
•0.3
TTTJ
TTZ ^2TT
6
20
27
13
44.8
26
13
44.8
23
- 1.2
-TTCJ
3.
14
48.3
19
0.2
7.
14
48.3
14
1.1 2.3
HTTJ 113
-0.7 0.2
203
13
44.8
13
14
48
10
(7o) 93.1 89.7 79.3 65.5 48.3 44.8 34.5
Mean -1.7 -1.0 -0.5 1.1 2.1 3.7 6.2
Standard Deviation 2.8 3.1 4.2 5.8 7.1 8.3 9.7
Range 10.7 12.1 17.1 24.8 34.3 38.5 41.5
Maximum 4.8 4.4 8.1 11.5 15.5 18.4 21.9
Minimum -5.9 -7.7 -9.0 -15.3 -18.8 -20.1 -19.6
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+ 5/o decreased with the length of the projection.
For four towns, five or more of the seven projections
were within the acceptable error limits, and for six towns no
or only one projection was within the acceptable error
limits. This may indicate that the Census Age-Grade table
was not a suitable method of extracting the school population
for the individual towns, or that the ratios of public to
private school attendance are inaccurate. To investigate
this possibility the results from the ratio method of calcu-
lating enrollments were examined. This method of calculating
enrollments produced better results for the first two years
with 12 acceptable projections for the first year and 14 for
the second year. The projections for the remaining 5 years
were poorer. They ranged from 5 to 11 acceptable projections.
In all there were 68 acceptable projections.
If the ratio of school-age children to enrollment
stayed constant, or produced more acceptable projections, it
might suggest that the enrollment module needed to be improved.
However, since the enrollments are for the most part over-
projected for both methods, it is probable that the para-
meters resulted in the calculation of the population module
being too high as was expected.
An additional computer run was made to determine if
using the actual migration for the 1960-70 period rather than
the average migration for the period would produce more accu-
rate projections. Actual migration was calculated and used
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as the migration parameter while holding the birth and death
parameters constant. This resulted in only one more pro-
jection within the acceptable error limits. When compared
with the amount of additional data required to calculate the
actual migration, the improvement was insignificant.
Run 2--Estimation of Population
Using Building Permit Data
To obtain the migration parameter for this run, the
migration for 1960 to 1970 was related to the number of
building permits issued for 1960 to 1970 and a number of
"persons per building permit" was created. The "persons per
building permit" was applied to the number of building per-
mits issued between 1970 and 1975. In most instances this
number was rounded to the tenths or hundreds position of
the whole number in order to try to simulate a number that
might be chosen by a school administrator; that is, a figure
of 192 might have been rounded to 200, since it was more
likely that some rounded whole number would be used in actual
practice. This number was used for the migration parameter
for all of the towns except Cromwell. Due to an unusual
building pattern which could not be related to the 1960 to
1970 building permit data, the migration parameter for Crom-
well was arbitrarily determined.
Using building permit data has several disadvantages.
First, without supplementary data such as vacancy rates and
certificates of occupancy, it is difficult or impossible to
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determine if there is a change in the direction of the migra-
tion. For example, the city of East Hartford probably has
experienced some outmigration since 1970; however, since
there was inmigration during the base period, any new build-
ing permits would result in inmigration. Cromwell experi-
enced outmigration during the base period but had six times
as much building activity during the first part of the 70s as
it had during the whole base period. It is improbable that
Cromwell experienced six times the outmigration that it expe-
rienced during the previous decade I
Secondly, building permits do not necessarily result
in housing within a single year. In some towns housing
developers are allowed to build for a period of five years
using the same building permit. Sometimes building permits
do not result in housing being built at all.
The birth parameter was adjusted to try to reflect
the trend of actual births between 1970 and 1975. Births
dropped sharply in most of the towns between 1970 and 1973
and then began to level off. The model was not designed to
change the parameters during a run which is a modification
that needs to be made in the future for greater flexibility.
Deaths were calculated by continuing the 1960-70
trend. The death parameter is the least important parameter
when projecting public school population. If the model was
used to project population for other purposes, this might not
be true.
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Other than not allowing for outmigration for those
towns that previously had inmigration, the parameters used
for this run were thought to be a reasonable enough measure
of growth for the towns in the SMSA to demonstrate the use-
fulness of the Model.
Table 4.6 shows the percent of error between the
actual and projected enrollments; the number and percent of
projections within the acceptable error limit; the number
and percent of projections within + 57o; the mean; the
standard deviation and the range for the school years between
1970-71 and 1976-77. The count of the acceptable projections
is 99 or 497o. Comparing the number of acceptable projections
by year, the projections for 1970-71 were poorest with only
five acceptable projections. This was followed by 1971-72
and 1972-73 with nine and 13 acceptable projections res-
pectively. The remaining years each had 18 acceptable pro-
jections. In looking at the 1976-77 projections, 23 of the
29 projections were high. This might indicate that the
number of persons per household had decreased from that of
the 1960-70 decade or that this method of calculating the
migration parameter was not appropriate. Twenty- four of the
projections for 1970-71 were underprojected but only slightly
with 26 or 907o of the projections within + 57o.
For six towns, five or more projections were within
the acceptable error limits, while five towns had none or
only one projection within the error criterion.
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TABLE 4.6
PERCENT OF ERROR BY TO\^m
BETWEEN PROJECTED AND ACTUAL ENROLLMENTS
RUN 2
--Estimation of Population Using
Building Permit Data
School District 70-71 71-72 72-73 73-74 74-75 75-76 76-77
Andover 1.5 5.1 8.7 16.5 20.5 19.1 17 .
1
Avon
-3.9
-3.5 -4.8 -2.6 0.0 2.0 4 1
Bloomfield
-2.3 0.6 1.8 2.5 T'k 772 3“4
Bolton
-4.7 -27^
-r.i T.S 4.8 9". 4 15.0
Canton
-1.6 0.7 2.7 4.1 571 7.3 9.0
Coventry
-4.4 3.0 -2.5 1.0 0.0 2.0 4.1
Cromwell
-2.1
-3.6 -2.9 -7.6 -977 -377 -53
East Granby -0.2 -1.5
-3,9 -3.8 -5.5 -6.8 -3.2
East Hartford -2.2
-0.6 2.7 4.3 7.2 8.7 ri.9
East Windsor 3.4 “TTS- 77T 7.6 5.9 8.7 4.7
Ellington 4.7 5.3 1.9 3.4 3.4 4.7 10.0
Enfield -5.3 -5.2 -37^ ITT T7TT 374 6.2
Farmington -6.3 -4.6 -5.7
-J7E -773 r.“6 7.4
Glastonbury -0.7 0.1 0.5 ^779 -073 73
Hartford 2.1 -774 -7.6 -T773 -19.1 -203
Hebron -3.4 -5.7 -4.7 -3.7 -0.8 1.7 8.4
Manchester -4.8 -4.1 -3.4 -3.5 -3.5 -3.5 -3.2
Marlborough -0.4 4.1 10.6 ~5T6 “577 “877 8.4
Newington -2.3 3.1 -0.4 1.1 3.3 4.5 7.9
Rocky Hill 0.1 3.4 ~5TE 977 773 33 2.8
Simsbury -4.3 -4.1 -4.9 -4.2 -4.6 -2.7 -0.7
South Windsor -2.6 -2.5 -2.2 0.2 0.2 0.9 2.5
Suffield -3.1 -2.5 ^475 -377 773 03 1.4
Tolland -0.7 -1.7 0.3 1.3 773 73 3.2
Vernon -2.3 0.8 5.7 6 .
4
9.5 137
West Hartford -7.3 -8.1 -7.6 -6.0 -5.6 -5.8 -5.7
Wethersfield -4.6 -4.0 -4.2 -3.9 -1.9 “73 373
Windsor -2.1 -2.0 -1.8 ^777 ^^771 774 13
Windsor Locks -1.7 “OJ ^777 ^77T 33 8.1
Total within +17o 5 9 13 18 18 18 18
a) 17.2 31.0 44.8 62.1 62.1 62.1 62.1
Total within +57o 26 24 22 21 18 17 15
(%) 90.0 82.8 75.9 72.4 62.1 58.6 51.7
Mean -2.2 -1.3 -0.4 0.8 1.4 2.2 3.9
Standard Deviation 2.8 3.4 4.6 5.3 5.9 6.9 7.3
Range 12.0 13.4 18.2 18.2 33.5 38.2 37.9
Maximum 4.7 5.3 10.6 16.5 20.5 19.1 17.1
Minimum -7.3 -8.1 -7.6 -7.6 -12.8 -19.1 -20.8
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When comparing the enrollment forecasts using the
ratio method with those obtained from using the enrollment
module, more projections within the required accuracy cri-
terion resulted for the first three years from the ratio
method. There were 13 satisfactory projections for each of
the first three years, but the projections for the remaining
years were poorer than those from using the enrollment
module. In all 87 projections were within the acceptable
error limits from the ratio method or 12 less than the
number of acceptable projections when using the enrollment
module
.
Run 3- -Estimation of Population
Using Revenue-Sharing Data
For Run 3 the migration parameter was based on data
from the forecast of population made by the Census Bureau
for revenue-sharing purposes. Population estimates for
July, 1973, were obtained from the Census Bureau Report
Series P-25, No. 552, issued in May, 1975. The methodology
used to obtain the population estimates is explained in
detail in the Report. Briefly, it is based on the number of
changes of address from income tax returns.
Migration for each town was calculated by subtract-
ing the natural increase (births minus deaths) from the dif-
ference between the July, 1973, population estimate and the
1970 Census data. Births were adjusted to reflect the
actual births and 1970 Crude Death rates were used for the
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birth and death parameters respectively.
Table 4.7 shows the percent of error between the
actual and projected enrollments; the number and percent of
projections within the acceptable error limit; the number
and percent of projections within + 5%; the mean; the stand-
ard deviation and the range of errors for the 1970-71 through
the 1976-77 school years. A count of the acceptable projec-
tions is 89 or 44%. Comparing the number of acceptable pro-
jections by year, the projections for 1970-71 and 1971-72
were poor with only 5 and 8 acceptable projections respectively.
The remaining years had between 15 and 17 acceptable projec-
tions. However, in looking at the number of projections
within + 57o
,
there were 20 projections within the acceptable
error limits for both 1970-71 and 1971-72. For almost all of
the years the enrollments were underprojected. In looking
at the range of errors
,
it can be seen that as the length of
projection time increased, the range of errors increased.
Also, as would be expected, the number of projections within
+ 57o decreased with the length of projection.
For eight towns five or more projections were within
the acceptable error limits , while eight towns had none or
only one projection within the acceptable error criterion.
When comparing enrollment forecasts using the ratio method
with those from using the enrollment module, there were 11
towns with five acceptable projections and 11 towns with no
or only one projection within the error limits. The first
100
TABLE A.
7
PERCENT OF ERROR BY TOWN
BETWEEN PROJECTED AND ACTUAL ENROLLMENTS
RUN 3--Estimates of Population Using
Revenue-Sharing Data
School District 70-71 71-72 72-73 73-74 74-75 75-76 76-77
Andover
-0.8 0.2
Avon - 5.1
-5T7'
Bloomfield - 3.0 o1
Bolton - 5.1
Canton - 3.2 -2.6
Coventry - 4.5 - 3.2
Cromwell - 0.3 - 0.4
East Granby -2
. 9
East Hartford - 2.9
East Windsor 2.0 0.9
Ellington 6.1 8.1
Enfield - 6.5 - 7.7
Farmington - 7.1 -6.1
Glastonbury -1.6 - 1.7
Hartford 0.7
Hebron - 2.3 - 3.6
Manchester - 5.5 - 5.4
Marlborough - 3.9 3.0
Newington - 3.2 - 4.9
Rocky Hill - 2.4 0.0
Simsbury - 4.3 - 3.9
South Windsor - 4.1 - 5.3
Suffield -2.1 - 0.5
Tolland - 1.9
Vernon - 5.1 - 4.1
West Hartford -8.1 - 9.6
Wethersfield - 5.9 -6.6
Windsor - 0.7 1.1
Windsor Locks - 4.3
Total within +17o 5 8
(%) 17.2 27.6
Total within +57o 20 20
(%) 69.0 69.0
Mean - 3.0 -2.8
Standard Deviation 2.9 3.5
Range 14.2 17.7
Maximum 6 . 1 8 . 1
Minimum -8.1 - 9.6
1.0 5.5 6.0 1.2 - 4.1
-BTTT - 6.9 - 5.0 -376 -7.0
- 0.5 - 0.5 - 1.4 ^277 0.1
- 2.8 0.4 ~T7E “673 ir.7
- 2.2 - 2.5 -3.0 - 2.5 - 2.6
- 2.8 0.7 0.3 1.7 3.7
2 0 - 1.6 - 1.9 674 5.1
-Ftr -6
.
2 -97T -373
- 0.8 - 0.6 0.8 0.7 “776
3.2 2.4 -U74 - 0.9 -Z7T
6.2 9.1 10.5 13.1 20.4
- 7.3 - 6.1 - 5.4 - 4.5 - 3.3
- 7.9 - 6.8 - 4.7 - 3.1 ^376
- 2.0 - 4.1 ^377 ^778
- 12.6 - 18.9 -7677 -3977
- 1.5 0.5 4.4 8.0 15.7
-vn - 6.8 - 7.5 - 8.1
- 5.6 - 8.4 - 12.0 - 13.0 - 15.8
- 3.1 - 2.4 - 1.1 - 0.8 1.7
- 1.4 ^675 - 1T3
- 4.6 - 3.7 - 4.1 - 2.1 0.0
- 6.4 -5T3 ^776 -877
- 1.7 0.3 5.2 5.7 7.1
-3.1 -TTT - 2.9 -378 - 4.4
- 1.9 1.5 3.3 “476
- 9.9 - 9.1 - 9.4 - 10.3 - 10.9
- 7.9 - 8.9 - 8.2 - 7.6 - 7.1
2.9 3.8 5.9 10.3 13.4
11.1 -9.4 - 9.3 - 7.8 - 6.1
13 15 15 16 17
44.8 51.7 51.7 55.2 58.6
16 17 15 13 13
55.2 58.6 51.7 44.8 44.8
- 2.6 - 2.7 - 2.8 - 2.6 - 1.5
4.7 5.0 6.2 7.7 9.8
18.3 21.6 29.4 39.3 49.6
6.2 9.1 10.5 13.1 20.4
- 11.1 - 12.5 - 18.9 - 26.2 - 29.2
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three years resulted in more projections within the required
accuracy criterion with 9. 12 and 15 acceptable projections
respectively. In all, the ratio method produced 95 projec-
tions within the acceptable error limits or six more than
from the enrollment module. This may suggest that the
enrollment module needs further calibration. Suggested
modifications to the Model are discussed in Chapter V.
Enrollment Forecasts Based on
State Population Projections
The state population projections were the result of
a coordinated effort between the State Planning Regions and
the Department of Planning and Energy. They represent a
certain amount of "hindsight" in that they were developed
during the middle of the decade and were adopted by the
State Planning Council in November, 1976, as the "official"
population projections and are to be used by all state
agencies for planning purposes. Overall they indicate a
growth rate of about one-half the growth rate of the 1960
decade or about 12.5% for the SMSA. Since a census has not
been taken in the SMSA, they represent the best population
estimates that are currently available.
To determine how well the estimated school population
for 1970-71 through 1976-77 represents these forecasts, the
1977 population forecasts were extrapolated to 1980 for each
of the runs of the model that had been made (6 in all) . The
set of projections that most nearly approximated the state
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population estimates for each town was used to determine the
number of enrollment projections that were within the accept-
able accuracy criterion. The results appear in Table 4.8.
It shows the estimated population from which the enrollment
forecasts were taken, the percent of difference between the
state population forecasts and the population estimates from
the Model, and the number of acceptable projections. No
effort was made to "force" the Model to agree with the state
population projections by making special projections for a
particular town. Table 4.9 shows the percent of error between
the actual and projected enrollments; the number and percent
of projections within the acceptable error limit; the number
and percent of projections within + 57o; the mean; the stand-
ard deviation and the range of errors for the 1970-71 through
1976-77 school years. A count of the acceptable projections
is 111 or 557o. This is a larger number of acceptable pro-
jections than was obtained from any single run of the Model.
Comparing the number of acceptable projections by year, the
projections for the first three years were poorest with 5, 8
and 12 acceptable projections respectively. However, in
looking at the projections within + 57o, there were over 20
acceptable projections for each of the first six years. In
all 777o of the projections were within + 57o.
Summary of Results from
the Demographic Model
The intended use of the model is for long-range
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TABLE 4.8
COMPARISON OF STATE POPULATION ESTIMATES WITH
DEMOGRAPHIC MODEL POPULATION ESTIMATES
AND THE NUMBER OF ACCEPTABLE
ENROLLMENT PROJECTIONS
School District 1980 State
Est. Pop.
1980 Model
Est. Pop.
Percent
Difference
No
. of
Proj
.
Andover 2,300 2,397 4.0 0
Avon 11,000 10,999 0.0 4
Bloomfield 22,500 21,025 -6.6 5
Bolton 4,100 4,103 0.0 2
Canton 8,000 7,662 -4.2 5
Coventry 9,600 9,660 0.6 4
Cromwell 13,400 10,970 -18.1 7
East Granby 5,000 5,057 1.1 7
East Hartford 59,500 60,557 1.8 2
East Windsor 9,500 9,121 -4.0 0
Ellington 9,600 9,205 -4.1 5
Enfield 49,500 50,745 2.5 4
Farmington 17,500 17,396 -0.6 4
Glastonbury 27,000 26,992 0.0 7
Hartford 145,000 150,356 3.7 4
Hebron 5,800 5,888 1.5 3
Manchester 51,000 50,501 1.0 4
Marlborough 4,700 5,369 14.0 3
Newington 31,000 31,173 0.6 4
Rocky Hill 20,000 17,500 -12.4 1
Simsbury 22,500 23,070 2.5 3
South Windsor 18,000 18,793 4 .
4
5
Suffield 10,600 10,273 -3.1 3
Tolland 9,400 10,061 7.0 4
Vernon 30,500 30,502 0.0 5
West Hartford 69,000 68,737 -0.4 4
Wethersfield 29,600 29,155 -1.5 4
Windsor 28,000 26,449 -5.5 4
Windsor Locks 14,600 15,501 6.2 4
Total No. Acceptable Projections 111
Percent of Acceptable Projections 54.77o
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TABLE 4.9
PERCENT OF ERROR BY TOWN
BETWEEN PROJECTED AND ACTUAL ENROLLMENTS
Enrollment Projections Based on
State Population Projections
School District 70-71 71-72 72-73 73-74 74-75 75-76 76-77
Andover 1.0 4.3
Avon - 3.8 - 3.2
Bloomfield - 2.3 0.6
Bolton - 4.2 - 2TT
Canton - 3.2 - 2.6
Coventry - 3.6 - 2.2
Cromwell - 0.3 - 0.4
East Granby
“T7CI TTT
East Hartford - 2.2 - 0.6
East Windsor 4.2 TTT
Ellington 4.8 4.4
Enfield - 5.3 - 5.2
Farmington - 6.2 - 4.5
Glastonbury - 0.7 0.1
Hartford 4.8 3.4
Hebron - 3.4 - 5.7
Manchester - 4.8 - 4.1
Marlborough - 3.5 - 1.8
Newington - 3.2 - 4.9
Rocky Hill 0 . 6 4.9
Simsbury - 4.3 - 4.1
South Windsor - 2.6 - 2.5
Suffield - 3.5 - 3.3
Tolland - 1.9 - 4.0
Vernon - 5.1 - 4.1
West Hartford - 5.9 - 5.6
Wethersfield - 4.6 - 4.0
Windsor - 0.7 1.1
Windsor Locks - 1.6 - 0.5
Total within +17o 5 8
m 17.2 27.6
Total within +57o 25 25
(7o ) 86.2 86.2
Mean 2.1 1.4
Standard Deviation 3.0 3.4
Range 11.0 10.9
Minimum
MaV 1 Tniim
4 . 8
- 6.2
5 . 2
- 5.7
7.6 15.0 18.8 17.7 15.8
- 4.3 - 2.0 0.9 3.0 5.4
1.8 3.0 3.7 93
-W7I 3T5 6TT 1079 16.5
-2
.
2 -2T5 - 3.0 - 2.5 - 2.6
- 1.6 2.1 1.5 4.1 7.1
- 1.6 -T7^ 07? 5.1
- 0.6
~
DT7 ITT 03 53
2.7 4.3 7.2 877 113
9T? 11.3 10.7 14.7 11.7
0.0 0.0 - 1.4 - 1.9 1.2
- 3.6 -T7I TTd 33 6.2
- 5.6 - 3.5 - 0.1 2.9 4.7
0.5 03 23
3.9 3.9 2.1 -03 23
- 4.7 - 3.7 - 0.8 1.7 8.4
- 3.4 -3.5 -T3 - 3.2
- 3.7 - 4'.^ 33 33
- 3.1 - 2.4 - 1.1 33 33
8.1 TT3 11.5 T73 93
- 4.9 - 4.2 - 4.6 - 2.7 - 0.7
- 2.2 0.2 "DTZ 33 33
- 5.7 - 4.5 - 0.5 - 0.3 m
- 3.1 - 3.3 33 - 4.4
- 1.9 “T3 ~T75 3.3 33
- 4.0 - 1.2 0.2 1.1 2.3
- 4.2 -37^ -T7^ ^13 T3
2.9 “5T^ 103 13 .?
-577 -T77 0.7 5.0 9.7
12 22 22 23 19
41.4 75.9 75.9 79.3 65.5
23 26 22 21 15
75.9 90.0 75.9 72.4 51.7
0.9 0.6 1.5 2.9 5.0
4.2 5.1 5.4 6.2 7.4
15.5 19.9 25.8 23.3 22.5
9.8 15.0 18.8 17.7 16.5
- 5.7 - 4.9 - 7.0 - 5.6 - 6.0
7*
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planning; that is, for a planning horizon of five to ten
years or longer. The flexibility in the design of the model
allows the user to test various hypotheses related to the
demographic variables of births
,
deaths and migration and
to see the resulting effects upon the school population.
Thus the user is provided with data for planning alternative
strategies
.
If the parameters are used that reflect the events
that actually occur in the real world, the objective of the
Model is to forecast enrollments within + per year of
projection of the actual enrollments. Final validation that
the Model meets this accuracy criteria cannot be made until
1980 Census data becomes available. At that time the amount
of error due to the population module and that due to the
enrollment module can be ascertained.
Three runs of the Model were discussed. One run
demonstrated the "what if" capability of the Model by posing
a question that a user might wish to ask. The other two
runs used a birth parameter that reflected the actual trend
of births between 1970 and 1975 and a migration parameter
based on data available from a central source. It is probable
that data provided by knowledgeable persons at the local level
could have provided better data for the parameters. An addi-
tional comparison was made using the enrollment forecast
based on the population forecast that was nearest to the
"official" 1980 state population forecasts.
1
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A summary of the results from the three runs and the
comparison with the state population forecast appears in
Table 4.10. It shows the number of projections within the
acceptable error criterion obtained from both the enrollment
module and the simpler enrollment- to-population ratio method.
From this table it can be seen that there were five or more
acceptable projections for all but four towns.
Table 4.11 shows a summary of results by year of
projection for each of the three runs and the state popula-
tion comparison. From this table it can be seen that the
ratio method resulted in better projections for the first
three years for all of the runs except for the third year
of Run 1. This would suggest that if the Model is used to
project enrollments for less than five years that using the
the ratio method to project the enrollments for the first
three years and the enrollment module to project for the re-
maining years would result in improved forecasts.
The best results for a single comparison were obtained
from the comparison with the state population projection
forecasts. This would tend to reinforce the basic assumption
of this study that if the total population can be projected
accurately, the extraction of school enrollments from this
population will result in improved forecasts.
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TABLE 4.10
SUMMARY OF NUMBER OF ACCEPTABLE PROJECTIONS BY TOWN
FROM ENROLLMENT MODULE AND RATIO METHOD
FOR SCHOOL YEARS 1970-71 THROUGH 1976-77
Run 1 Run 2 Run 3 State Best
School
District !
Enroll-
ment
Ratio
Enroll-
ment
Ratio
Enroll-
ment
1
1
Ratio
Enroll-
ment
Ratio
Enroll-
ment
Ratio
Andover 3 0 1 0 5 0 0 0 5 0
Avon 3 3 4 4 2 7 4 1 4 7
Bloomfield 0 1 6 1 6 6 5 1 6 6
Bolton 3 1 2 1 3 3 2 1 3 3
Canton 2 2 2 2 5 6 5 6 5 6
Coventry 4 0 5 0 5 0 4 0 5 0
Cromwell 0 0 2 4 7 4 7 4 7 4
East Granby 3 3 4 6 2 1 7 7 7 7
East Hartford 2 0 2 0 5 1 2 0 5 1
East Windsor 1 1 1 1 5 7 0 0 5 7
Ellington 5 6 4 6 0 1 5 6 5 6
Enfield 1 2 4 3 2 5 4 3 4 5
Farmington 4 2 4 3 3 7 4 2 4 7
Glastonbury 7 6 7 4 5 7 7 4 7 7
Hartford 4 4 1 6 1 0 4 4 4 6
Hebron 3 1 3 0 3 0 3 0 3 1
Manchester 4 5 4 5 0 3 4 5 4 5
Marlborough 1 1 1 0 0 1 3 3 3 3
Newington 3 2 4 4 4 5 4 5 4 5
Rocky Hill 6 1 2 0 4 3 1 0 6 3
Simsbury 4 5 3 7 4 7 3 7 4 7
South Windsor 2 1 5 0 0 7 5 0 5 7
Suffield 3 7 4 5 4 1 3 7 4 7
Tolland 0 2 7 4 4 1 4 1 7 4
Vernon 2 0 1 0 5 0 5 0 5 0
West Hartford 4 2 2 5 0 4 4 2 4 5
Wethersfield 4 0 4 5 0 6 4 5 4 6
Windsor 6 7 6 7 4 1 4 1 6 7
Windsor Locks 3 3 4 4 1 1 4 3 4 4
Total 87 68 99 87 89 95 111 78 139 137
TABLE
4.11
SUMMARY
OF
ACCEPTABLE
PROJECTIONS
BY
YEAR
FROM
DEMOGRAPHIC
MODEL
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Cohort-Survival Method of
Projecting Enrollments
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General
The cohort-survival method of projecting school en-
rollments is the method most often used by educators. It has
several advantages in that it is easy to understand, explain
and calculate. All of the data that is required to calculate
the cohort- survival rates is available within the local
school system. The cohort-survival rates may be calculated
by hand. In the literature this method is referred to by a
variety of names, such as the "persistence” or "retention"
method
.
A cohort is simply a group that has a common char-
acteristic. In education a cohort is the group of pupils
in a grade, and the cohort- survival rate is the ratio of
pupils that move from one grade to the next higher grade the
following year.
Historical Bases Used for
Computing Ratios
In the review of literature no study was found that
compared cohort- survival projections for a group of towns
using different historical bases, nor was there any rationale
for choosing the base period. The CSDE recommends a histori-
cal base of six years while the Connecticut Public Expendi-
tures Council recommends a base of eleven years. The school
system that developed the computer program used in this study
110
always computes their enrollments using three different
bases: two, four and six years.
For this study, ten-year, five-year and two-year
historical bases were used. Between 1960 and 1969 three of
the school systems built high schools. In order to have
comparable projections for comparison, projections could
only be made for the five- and two-year bases for Bolton
and Coventry. No projections could be made for Tolland. The
only adjustment made to the data was for Rocky Hill. The
number of pupils in the ungraded primary in 1969 were dis-
tributed equally between grades one to three.
In 1960 half of the school districts in the SMSA
did not have kindergartens. For these districts the standard
procedure was followed that relates births to first grade and
kindergarten was projected at the same ratio as births to
first grade. The cohort- survival computer program referred
to in this study was designed by Miller. It was used by
the CSDE in 1976 to project enrollments for all of the school
systems in the state. Modifications made to the program for
this study are described in Appendix F.
Results from Cohort-Survival
Model Projections
Enrollments were projected for each of the three his-
torical periods and the number of projections within + \L per
^H. Blaine Miller, "A Method of Reducing Error in Pub-
lic School Enrollment Projections" (Ph.D. dissertation. Univer-
sity of Connecticut, 1977), pp . 282-288.
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year of projection were counted. Table 4.12 shows a sununary
of the results from each of the runs. Approximately one-
third of the projections of each run were within the estab-
lished error criterion. The results were slightly better for
the ten-year historical base. However, the average percent
of error was least using the two-year base for 16 of the 29
towns, or 557o. Though the two-year historical base produced
five or more acceptable projections for nine towns, it pro-
duced no or only one acceptable projection for 17 towns.
Since enrollments peaked between the 1969-70 and 1971-72 school
years for more than half the districts in the study, any method
of projecting enrollments that uses historical data would be
exceptionally prone to error.
Table 4.13 shows a compilation by town of the best of
the three projections. In all 102 or 507o of the projections
were within the acceptable error range. However, when exam-
ining the results
,
there were 13 towns for which there were
five or more acceptable projections and 11 districts for which
there were no or only one acceptable projection.
Table 4.14 shows the number of acceptable projections
within + 17o per year of projection, number of projections
within + 57o, the range, mean and standard deviation for each
year for each of the three runs. The cohort-survival method
has been suggested as a satisfactory method for projecting
enrollments for up to five years. The results shown in this
table do not confirm this hypothesis.
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TABLE 4.12
SUMMARY BY TOWN OF NUMBER OF ACCEPTABLE PROJECTIONS
USING COHORT-SURVIVAL MODEL FOR
THREE HISTORICAL BASES
School
District
2 Year 5 Year 10 Year
Ave 7o
Error No.
Ave 7o
Error No.
Ave 7o
Error No.
Andover 28.9 0 29.1 0 32.8 0
Avon 15.5 0 17.8 0 18.6 0
Bloomfield 3.8 4 5.0 3 4.9 3
Bolton 0.9 5 13.7 0 n/
a
*
Canton 14.3 0 4.1 3 10.2 1
Coventry 26.5 0 13.3 0 n/ *
Cromwell -10.0 0 -11.5 0 -12.5 0
East Granby 1.3 6 1.2 7 10.4 0
East Hartford 11.4 0 16.0 0 12.7 0
East Windsor 20.4 0 3.9 4 4.9 3
Ellington 10.6 0 4.7 3 11.7 0
Enfield 13.4 0 17.5 0 27.2 0
Farmington 6.7 2 8.5 1 8.8 1
Glastonbury -0.1 7 3.2 5 1.2 7
Granby 1.0 6 10.5 0 2.4 7
Hartford 2.2 6 1.9 7 1.4 7
Hebron 79.9 0 62.2 0 55.6 0
Manchester 3.9 3 -2.6 5 -4.5 3
Marlborough 25.2 0 13.1 0 4.1 3
Newington 9.3 1 7.7 2 1.2 7
Rocky Hill 1.8 6 12.0 0 9.5 0
Simsbury 2.5 7 10.1 0 5 .
4
2
South Windsor 14.6 0 24.1 0 47 . 0
Suffield 7.6 0 11.2 0 7.0 1
Vernon 16.6 0 19.5 0 21.2 0
West Hartford 3.2 6 2.7 6 0.2 6
Wethersfield -26.8 0 -2.4 7 1.3 7
Windsor 6.7 0 11.8 7 3.2 4
Windsor Locks 0.3 5 3.5 4 6.2 3
Total Number of
Acceptable Projections 64
Percent 31
64 65
31.5 34.4
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TABLE 4.13
PERCENT OF ERROR BY TOWN
BETWEEN PROJECTED AND ACTUAL ENROLLMENTS
Using Best Results from Cohort-Survival Model
School District 70-71 71-72 72-73 73-74 74-75 75-76 76-77
Andover 5.4 17.1 22.9 40.0 37.4 37.1 42.2
Avon 4.6 6.4 8.3 13.0 19.2 25.9 31.3
Bloomfield 0.1 3.1 3.5 3.5 3.4 4.0 9.5
Bolton
-1.7 -3.0 -1.7 0.7 1.4 Jr’S 6.5
Canton -1.3 1.8 3.8 3.9 4.5 6.5 9’. 2
Coventry 3.2 6.3 7.9 13.5 15.2 20.4 26.6
Cromwell -2.0 -4.4 -4.8 --11.1 --14.7 --15.7 - 15.2
East Granby 1.0 1.6 0.2 0.0 2.6 2.0 1.1
East Hartford 2.6 5.2 9.4 11.3 157^ 16.5 203
East Windsor 1.0 1.3 5.3 6.5 3.8 7.3 1.9
Ellington 1.4 4.5 2.4 4.3 4.2 5.4 11.0
Enfield 2.1 4.8 STS’ 13.2 ISTS” 213 27.2
Farmington 0.0 -2.9 2.1 4.3 8.3 13.1 16.3
Glastonbury 0.2 1.2 0.4 -1.4 -1.3 -1.2 1.5
Granby 0.7 2.5 1.8 1.5 2.9 5.7
Hartford 0.1 0.6 2.1 2.5 1.1 1.9 1.7
Hebron 12.1 18.6 37.5 49TT 71.0 85.5 1153
Manchester -3.5 -3.1 -2.2 -3.4 -3.0 -2.0 -1.1
Marlborough 1.8 4.8 0.2 3 .
4
0 3 7.6 33
Newington -0.2 -1.6 UTT -T7Z -r~4 -3.3 0.3
Rocky Hill -0.2 0.8 2.6 5.3 2.9 2.4 -1.2
Simsbury
South Windsor
“DTT TTTJ
7.8
m
10.3
1.7
15.9
T3
18.7
4 .
6
2T3
6 .
4
2T3
Suffield 0.9 3.5 3.2 5.4 10.5 10.9 14.3
Vernon r:^ 5.8 10.2 15.9 19.9 27.5 34.8
West Hartford -1.9 -1.5 -0.6 1.0 1.5 1.5 1.1
Wethersfield 0.6 0.7 ITT -UTT 1.0 1.5 5.7
Windsor m TT7 ~iru m 2.8 3.9
Windsor Locks 0.6 0.0 -5.4 -2.5 0.3 3.0 7 .
6
Total Within +17o 14 12 15 15 18 15 13
(7o)
Total Within +57.
48.3 41.4 51.7 51.7 62.1 51.7 44 .
8
27 22 21 17 18 14 9
(7o) 93.1 75.9 72.4 58.6 62.1 48.3 31.0
Mean 1.2 2.9 4.5 6.8 8.4 10.8 14.4
Standard Deviation 2.9 5.2 8.5 12.3 15.5 18.1 23.1
Range
Maximum
15.6
12.1
23.0
18.6.
42.9
37.5
60.7
49.6
85.7
71.0
101.2
85.5
130.2
115.0
Minimum -3.5 -4.4 -5.4 -11.1 -14.7 -15.7 -15 .
2
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TABLE 4.14
SUMMARY OF PROJECTIONS USING COHORT- SURVIVAL MODEL
FOR 10-YEAR, 5-YEAR, AND 2-YEAR BASES
BY YEAR
Accept
,
Within
Range
Plppii-i
Std.School
Proj
. + 57o
Year No
. 7o No. 7o Dev. u- VHigh Low
10-Year Base
1970-71 11 40.7 25 86.2 2.1 3.5 12.1 - 3.8
1971-72 8 29.6 15 51.7 5.1 6.5 18.6 - 6.3
1972-73 10 37.0 14 48.3 7.4 10.4 37.5 - 7.4
1973-74 9 33.3 12 41.4 10.9 15.6 49.6 -14.0
1974-75 10 37.0 10 34.5 13.2 19.4 71.0 -17.9
1975-76 8 29.6 8 27.6 16.9 22.4 85.5 -19.3
1976-77 9 33.3 7 24.1 20.9 21.3 115.0 -19.3
Total 65 91
a) 34. 4 48. 1
5-Year Base
1970-71 9 31.0 28 96.6 1.7 3.2 14.1 - 3.5
1971-72 9 31.0 18 62.1 4.9 5.1 22.9 - 3.1
1972-73 8 27.6 12 41.4 7.4 8.4 42.9 - 2.2
1973-74 9 31.0 11 37.9 10.0 10.3 38.6 - 3.4
1974-75 12 41.4 12 41.4 13.4 16.4 82.4 - 3.9
1975-76 9 31.0 6 20.7 16.7 19.4 100.0 - 5.1
1976-77 7 24.1 6 20.7 21.1 25.2 134.7 - 3.2
Total 64 93
(7o) 31. 5 45. 8
2-Year Base
1970-71 8 27.6 21 72.4 1.7 4.4 15.5 - 6.7
1971-72 9 31.0 17 58.6 5.1 7.5 28.5 - 8.3
1972-73 9 31.0 12 41.4 7.5 12.1 54.8 -10.9
1973-74 10 34.5 11 37.9 10.6 16.8 73.8 -14.8
1974-75 10 34.5 10 34.5 13.0 21.4 101.0 -17.9
1975-76 10 34.5 9 31.0 16.4 25.6 122.0 -19.8
1976-77 8 27.6 4 13.8 20.9 32.7 163.9 -21.8
Total 64 84
(%) 31 .5 41 .4
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The results also appear to confirm the findings from
the study made by Greenawalt and Mitchell.^ The Greenawalt
and Mitchell study compared the seventh year projections
with the actual enrollments and found 60% to be in error by
107o or more. The results from the individual runs from this
study show the error to be between 62% and 69%. In looking
at the composite of the best projections of the three runs,
45%, were not within the 107o error range. This would suggest
that if this method is used for making forecasts, the use of
more than one historical base might improve the accuracy of
the forecasts.
Exponential Smoothing Method
of Projecting Enrollments
Introduction
g
"Exponential Smoothing" was developed by Brown.
This method of forecasting is a special kind of weighted
moving average. It has the advantage of not requiring large
amounts of data to be retained in a data base. Because many
industrial firms must carry thousands of items in their
inventory, Brown sought a low-cost, easy to calculate, and
easy to update method of inventory forecasting.
^George J. Greenawalt and Donald P. Mitchell, Pre -
dicting School Enrollments (Cambridge, Mass.: The New
England School Development Council, 1966), ED 026 717.
^Robert G. Brown, Statistical Forecasting for Inven -
tory Control (Englewood Cliffs , JTI Prentice-Hall , IncT
,
1959.
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This method differs from a moving average such as the
cohort-survival method in two ways. It does not require data
for each year in the base period to be retained, and it allows
the past data and the current data to be weighted with a
"smoothing constant." A "smoothing constant" is merely the
weight to be given to the current enrollment in forecasting
the future enrollment and is represented by the letter "alpha"
(a)
.
The difference between "alpha" and one (1 - a) represents
the weight given to the past forecast. For example, when
calculating a new forecast, if the alpha was .3, the current
year's enrollment would be weighted by 307o while the past
forecast would be weighted by 707o. The "smoothing constant"
is chosen by trial and error. If the forecasted enrollment
for a school district for 1976-77 was 5000, and the actual
enrollment for 1976-77 turned out to be 5200, using an alpha
of .3, the forecasted enrollment for 1977-78 would be
calculated as follows
:
.3(5200) + (1 - .3) (5000) =
1560 + 3500 = 5060
If the current enrollment turned out to be 4800, then the new
forecast would be:
.3(4800) + (1 - .3) (5000) =
1440 + 3500 = 4940
Three methods of exponential smoothing were investi-
gated: simple (single), corrected for trend (double) and
triple. A detailed explanation of the calculations
for each
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method will be found in Appendix G. Single exponential
smoothing, as described above, merely corrects the average.
Double smoothing corrects both the average and the trend
(developed by least squares)
. Triple smoothing involves the
calculation of coefficients based on data from the past three
forecasting periods. These coefficients are then used in a
polynomial to obtain the new forecast. Although smoothing
constants were developed for all three methods, triple smooth-
ing was discarded because it did not meet the requirement
that the method of forecasting be easy to understand, calcu-
late and explain.
A computer program was written that searched for the
single and double smoothing constants that best fit the
enrollments for each town from 1961-62 through 1969-70. The
beginning average was the average of the enrollments from
1956-57 to 1960-61. The beginning trend needed for double
smoothing was calculated using least squares from the 1956-57
through 1960-61 enrollments. (For sample calculation see
Worksheet in Appendix G.)
The double smoothing tracked the enrollment data with
less error than the single smoothing; therefore, it was used
to make the forecasts for this study.
Results from Double
Exponential Smoothing Model
The results were disappointing in that only eleven
projections were within the required level of accuracy of + 1%
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per year of projection and 35 projections were within + 57,.
The resulting enrollment forecasts were plotted along with
actual enrollments, the best cohort-survival forecast and
the best of the three runs from the demographic model for
each of the towns in the study and will be found in Appen-
dix H.
Comparison of Results from the Three Models
This chapter has presented the results that were
obtained from the demographic, cohort- survival and expo-
nential smoothing models.
Three runs were made using the demographic Model
to demonstrate the use of a component approach. This Model
differs philosophically from the others in that the school
population is a subset of the total population. Therefore,
the future population of an area must be projected accu-
rately if the future school enrollments are to be projected
accurately. The demographic Model also differs from the
other two models in that a set of assumptions may be made
regarding the future trends of each of the demographic
variables and several projections may be made to give a
range of projections.
On the other hand the demographic Model requires
data from outside the school system and the projected en-
rollments would be difficult to calculate without the use
of a computer. Enrollments by grade groupings were beyond
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the scope of this study since it was felt that the Model
should be validated before a comparison by grade groupings
was attempted. Furthermore the use of census data necessi-
tates an inflexible grade grouping that may not be meaningful
for an individual school district.
Three different base periods were used to project
school enrollments using the cohort-survival model. The most
accurate projections from the three runs for each town were
analyzed. Though the forecasts were made by individual
grades, the comparisons for this study were based on total
enrollment. The cohort-survival method can allow for indivi-
dual grades or any arrangement of grade groupings to be used
when making projections. Also, all required data is avail-
able within the school system if projections are not made
for more than five years; otherwise, birth data is needed.
Although a computer program was used for this study that
had some very useful enhancements built into it that allow
the base period and any of the ratios to be changed if
desired, the use of a computer is not mandatory.
The results from this study suggest that a school
system using this method might profit from making more than
one projection using different base periods. A suggestion
9
made by the New York State Department of Education may be
^New York State Education Department, Procedures
^02* Projecting School Distric t Enrollment (Albany , N. Y. .
New York State Education Department, Information Center on
Education, October 1974), ED 099 963.
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helpful. They suggest calculating ratios for each year of
the base period and then averaging the ratios. Thus the years
in the base period can be changed by changing the number of
ratios that are averaged. This greatly simplifies the calcu-
lations if a computer is not used.
Even though a knowledge of local conditions is
recommended whenever enrollment projections are made, the
cohort- survival ratio represents a composite of births and
deaths, persons moving into and out of the town, retention,
dropout rate, etc. It is difficult to know how to adjust
the ratios to show changing conditions even though provision
has been made to do so.
Though the results from the exponential smoothing
model were disappointing, this method, due to its simplicity,
ease of calculation and understanding, bears further ex-
ploration
.
Table 4.15 is a summary of the acceptable projections
within + 17o per year of projection, the error criterion estab-
lished for this study. The results show that the enrollment-
to-population ratio method using the demographic Model pro-
duced better results for the first three years than either
the enrollment module of the demographic Model or using either
the cohort- survival or exponential smoothing models.
A comparison of the three models based on several
factors follows Table 4.15.
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The exponential smoothing model was least accurate
with a total of 11 acceptable projections.
Comparing the results from the individual runs for
each of the seven years of the cohort-survival and the
demographic Model using the enrollment module, the demo-
graphic Model had between 347o and 527o more projections within
the + 17o error criterion. This percent is even greater if
the ratio method is used for the first three years and the
enrollment module used thereafter.
Though the cohort-survival model has been recom-
mended for making enrollment projections for up to five years,
there is no evidence that the cohort-survival model produced
better results for this time horizon than for a longer time
horizon
.
The results from the demographic Model using the
state population projections would tend to indicate that if
the population can be projected accurately that the school
population can be projected accurately.
Costs
The following are costs from this study based on
development and run costs for each of the models. The cohort-
survival program is written in COBOL. (COmmon Business Oriented
Language) while the other two models are written in the BASIC
language (Beginners All Purpose Symbolic Instruction Code) .
The difference in programming language accounts for the
n
TABLE
4.15
COMPARISON
OF
MODELS
BY
YEAR
OF
THE
NUMBER
OF
PROJECTIONS
WITHIN
+
1%
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longer compile time required for the cohort-survival program
statistics are based on the use of a Burroughs
1714 computer with a 350- line-per-minute printer, and the
actual cost of programming for the cohort-survival model;
TABLE 4.16
COMPARISON OF DEVELOPMENT AND RUN COSTS
FOR EACH OF THE MODELS
Demo-
graphic
Cohort-^
Survival
Expon ,
^
Smooth
Memory Requirements 14090 17244 5783
Lines of Code in Program 562 596 115
Compile Time (Seconds) 69 301 19
Lines of Output 306 118 31
Execution Time per
School (Seconds) 90 30 5
Programming Cost 1000* 1000* 200*
^The cohort- survival and exponential smoothing models
could be calculated by hand,
*Based on lines of code written
Ease of Computation
The exponential smoothing model is the easiest to
calculate since it does not require the retention of a data
base
.
Both the cohort- survival and demographic models re-
quire historical data for the computations. The cohort-
survival model requires much less data because the ratio is
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a composite of the change in enrollment from one grade to
the next. The demographic Model computes population one year
at a time based on user-requested algorithms and then extracts
the school population. The computations are extensive because
of the choices that the user is allowed. The forecasts,
though possible, would be difficult to calculate without a
computer
.
Data Requirements
The exponential smoothing model has the least data
requirements since only two pieces of data are required:
the past average and the current enrollment.
The cohort-survival model requires past enrollment
history and births if projections are to be made for a
period longer than five years. Care must be used that the
grades in the base do not change during the base period;
such as, when a school system goes from a K to 8 to a K to
12 grade system.
The demographic Model requires a data base composed
of census data, vital statistics data, and data for the
migration component based on a knowledge of local conditions.
Ranking of Models
The following is a ranking of the three models based
on the above factors.
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TABLE 4.17
RANKING OF MODELS BASED ON ACCURACY COST
EASE OF COMPUTATION AND DATA REQUIREMENTS
Model Accuracy Cost Ease of
Computation
Data
Require-
ments
Demographic 1 3 3 3
Cohort- Survival 2 2 2 2
Exponential Smoothing 3 1 1 1
The above table shows the superiority of the demo-
graphic Model for accuracy while requiring more data and
being more costly to execute. The exponential smoothing
model ranked first in all other categories . This would indi-
cate that this method bears further investigation. Recommenda-
tions are made in Chapter V.
CHAPTER V
CONCLUSIONS AND RECOMMENDATIONS
Introduction
The intent of this study was to develop a demographic
model that could be used to project public school enrollments
for a five- to ten-year time horizon that would:
Provide forecasts that are accurate to within + Vi
per year of forecast if the user chooses those
options that in fact come true
Be easy to use, understand and explain
Allow the user to incorporate a knowledge of
local conditions
Provide the flexibility to allow variations of
parameters in order to obtain a range of projec-
tions rather than a single value
Be cost-effective
The results were compared with a cohort-survival
model, the method most often used by school administrators,
and an exponential smoothing model, a frequently used indus-
trial forecasting method.
Conclusions
1. Final determination as to whether or not the
demographic Model meets the accuracy criterion defined for
the study cannot be made until 1980 Census data becomes
126
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available. The results are encouraging in that 7A7o of the
enrollment projections for five or more years met this
criterion when the population forecasts closest to the state
estimates are used to obtain the enrollment projections.
2. The demographic Model developed for this study
projected enrollments more accurately for five or more years
than either of the other two models when compared with
actual school enrollments.
3. The demographic Model has greater flexibility
by allowing the user to change the individual demographic
components to obtain a range of projections.
4. The demographic Model allows projections to be
made for any desired period into the future.
5. The demographic Model was more costly to build,
requires more data and mandates the use of the computer; how-
ever, the cost for computer time to execute any of the models
is minimal.
6. The cohort- survival model has been recommended
as a satisfactory method for making short-term projections
(1 to 5 years) . Evidence from this study did not support
that conclusion.
7 The accuracy of the cohort- survival model can be
improved if projections are made using several different
base periods.
8. The exponential smoothing model bears further
investigation. Though the results were poor from this study.
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it is superior to the other two methods when comparing such
factors as ease of computation, data requirements and cost-
effectiveness
.
Data Problems
Three types of data problems were encountered. First
was the lack of data; secondly was the spurious data, and
thirdly was a change in the grade structure or grade group-
ings within a school district.
Lack of Data
The original intent of the Model was to project popu-
lation by census tract. Many of the census tract boundaries
changed between 1960 and 1970, making a comparison difficult
or impossible. Though it will not be known until the 1980
Census data becomes available, the advance word from the
Census Bureau is that the census tract boundaries will not
change substantially from the 1970 boundaries. If this in
fact is true, the original intent of the Model to project
by census tract will be possible.
Another intent of the Model was to project non-white
population for those towns in the study with a non-v7hite
population of 107o or more. Demographic data for the parameters
was not available. Since 1968 the State Health Department is
now collecting data on the non-white population, thus this
intent can be incorporated into the Model when 1980 Census
data becomes available.
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Probably the most serious problem caused by lack of
data is that the demographic Model cannot be updated more
often than every ten years unless a local census is taken.
This data problem will be remedied in the future since
beginning in 1980 the census will be taken every five years;
thus the Model can be updated every five years if desired.
Spurious Data
The town of Granby had to be eliminated from the
study because the census data upon which the future popula-
tion estimates were to be made appeared to be spurious. This
kind of data problem can never be eliminated. It is impor-
tant, however, that the problem be recognized and that
checks be made as to the "reasonableness" of the data.
Change in the Grade Structure
Enrollment projections using the cohort-survival
method could not be made for several towns because they
changed from being K-to-8 systems to being K-to-12 systems.
It was impossible to ascertain the number of high school
students for these towns that were attending other high
schools while their high school was being built. School
systems that are ungraded also present a problem for a model
that projects by grade.
Census data imposed a rigid grade grouping for the
demographic Model. Although most administrators do not wish
single grade groupings for long-range projections, the 8 -4
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grade grouping imposed by the census data does not meet
their need either.
Though a number of data problems were encountered
that caused the original intent of the study to be modified,
it is encouraging that these data problems, especially those
due to lack of data, have been resolved. However, anyone
wishing to replicate the demographic Model should carefully
investigate the kinds of data that are available.
Recommendation for Development of a
Management Information System
Though this study has been directed toward the school
system, town officials have a need for accurate population
forecasts for long-range planning purposes just as the
school system does. Therefore, it is recommended that a
management information system be developed and that the
town and school officials share the responsibility for its
development and implementation.
Much of the data that would be required is already
available and could be combined into a data base system
that could provide a basis for improved data collection. For
example, the state statutes require a house-to-house enumera-
tion of all children between the ages of zero and twenty
years of age. Procedures could be set up to ensure a more
accurate enumeration by providing the census taker with a
listing of housing in his or her census area. Multiple-
family housing could be noted on the listing. The property
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tax file, which for many towns is already computerized, would
be a primary component of the data base. This file would
also include information on property tax exemptions for the
elderly which would be useful to towns when collecting in-
formation about their elderly citizens. Also included in
the system would be data for water and sewer billing. Cer-
tificates of Occupancy and Demolition Permits issued by the
Building Inspector's Office would be used to update the
system. Such a system could provide a composite picture of
the housing stock and land in various sections within the
town for planning purposes for both the town and school
officials. Such data would be particularly helpful for
school administrators during this time of generally declining
enrollments when many are confronted with the closing of
schools and the redistricting of their attendance areas.
Recommendations for Future Studies
1. Modifications to
Demographic Model
Anyone wishing to replicate this study for other
than a Connecticut school system should first investigate the
kinds of data that are available to ensure that the data re-
quirements for the execution of the model can be met. (See
Appendix C for Users Manual) . The following recommendations
for the refinement of the Model have been made based on expe-
rience gained from the use of the Model and a knowledge of
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the data that is or will become available for the State of
Connecticut
,
a. Modify the population module to change parameters
during a run.
b. Modify the population module to incorporate age-
specific birth rates for each town.
c. Modify the population and enrollment modules to
forecast non-white school population for those
towns and cities with a non-white population
greater than 107o.
d. Modify the population module to use census tract
data
.
e. Refine the enrollment module to project for
flexible grade groupings that may be determined
by the school system using the Model.
f. Investigate the feasibility of using data from
census tapes for input into the population module
and projecting the school population by single
years of age.
g. Investigate the feasibility of using annual birth
and death data in the trend equations to determine
if the accuracy of the forecasts would be improved
sufficiently to warrent the additional data
requirements
.
2. Modification of Cohort-
Survival Model Using
Exponential Smoothing
Xt is recommended that a study be made to investi-
gate the use of exponential smoothing rather than the use
of
an average to obtain the ratio of pupils progressing
from
one grade to the next
.
Concluding Statement
This study was made in response to the complaints
of
those administrators in Connecticut schools
who found that the
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cohort-survival method of projecting enrollments was not
sufficiently accurate for planning purposes for their school
system. It is hoped that this study will be an incentive to
town and school officials to make both a commitment and a
cooperative effort to establish a data base information sys-
tem that will provide better planning data for the utiliza-
tion of scarce resources. Barring this, a demographic Model
has been presented that appears to provide better long-range
data than that obtained from the most-often-used cohort-
survival method. With these encouraging results, it is hoped
that this study will be an incentive to others to continue in
the exploration of methods that may result in improved enroll-
ment forecasts.
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APPENDIX A
MATRIX OF PROJECTION METHODS MOST OFTEN USED FOR
MAKING SCHOOL ENROLLMENT PROJECTIONS
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APPENDIX B
EXAMPLES OF SOME STATISTICAL METHODS USED FOR
PROJECTING PUBLIC SCHOOL ENROLLMENTS
1. Cohort-Survival
This method is the method most often used for pro-
jecting school enrollments. The variations of this method
are almost as numerous as the number of school districts
using the method. There is no agreement as to the number
of years that should be included in the base period or the
grade to which births should be related. Most school sys-
tems calculate ratios for each grade when making projections
for five or less years and use grade groupings when making
projections for longer periods of time. Two methods of
calculating the cohort- survival ratios will be shown. One
will be for single grades while the other will be by grade
groupings. The latter method is easier if a hand calculator
is used to compute the ratios. Data used throughout the
examples are from the Manchester, Connecticut, school sys-
tem. (See Figures B1 and B2 for data.)
Data Requirements
1, Enrollments by single grades or the grade grouping
desired for the number of years desired for the
base period.
2. Births beginning five years previous to the base
period (if births are being related to kindergarten) ,
i.e., if the base period is to be 1965-69, births
for 1960-64 are required.
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Method 1
1. Sum data as follows:
a. Sum Births (1960-64)
b. Sum Enrollments for Kindergarten and each grade
for the top 4 years (1965-68)
c. Sum Enrollments for Kindergarten and each grade
for the bottom 4 years (1966-69)
2. Compute Ratios as follows:
Ratio, = ^ = .9375
ZBirths 61-64
3520
Grade Ratios (Grade 1 is calculated; ratios for all
other grades are calculated in the same manner.)
ZGrade 1
Ratio 66-69 3488
G1
= .9900
ZKindergarten^^ 3523
3. Forecasts are calculated as follows
Kindergarten^Q = Ratio^^ X Births^^ = .9875 X 811 = 801
Grade I-^q = Kindergarten^g X Ratio^^
= 844 X .9900 = 836
Method 2
1. Calculate ratio for each grade grouping and each year
in base
Ratio,_g
Enroll ^-^65
66Enroll K-6
.9942
141
2. Compute Average of Annual Ratios (Number of Years = A)
Year K-6 Ratio 7-9
1965
1966
5706
5739
.9942 2032
2033
1966
1967
5739
5742
.9975 2033
2128
1967 5742 1.0047 2128
1968 5715 2095
1968 5715
.9943 2095
1969 5747 2162
ZRatios/N .9982
Ratio 10-12 Ratio
.9995 2032
1975
1.0289
.9554 1975
1914
1.0319
1.0158 1914
1977
.9681
.9690 1977
2084
.9487
.9849 .9944
3. Calculate Forecasts as follows:
Enrollment^ = Sum of Ratios /N X Enrollment.^
^
Enrollment K-6yQ = .9982 x 5747
ENROLLMENT
Year K-6 7-9 10-12 Total
1970 5737 2120 2072 9929
1971 5726 2088 2061 9875
1972 5716 2056 2049 9821
1973 5706 2025 2038 9769
1974 5695 1994 2026 9715
1975 5685 1964 2015 9664
1976 5675 1934 2004 9613
1977 5665 1905 1992 9562
1978 5655 1876 1981 9512
1979 5644 1848 1970 9462
1A2
2. Enrollment Ratio
insthod r6lat6S school enrollments to town popula-
tion. It is calculated in the same manner as Cohort-Survival
Method 2 using the town population as the denominator. Man-
chester town population estimates were obtained from the Con-
necticut State Department of Health Register of Vital Stat istics
for the base period. Estimates of future population for the
forecasted period were obtained from the demographic Model.
Data Requirements
a. Enrollments by grade groupings desired for the number
of years chosen for the base period
b. Town population for same base period
c. Estimate of future population for each year of fore-
casted period
Calculations
a
.
Calculate ratio for each grade grouping and each year
in base
Ratio^^
Enroll K-6^^
Population^
c
5706
45400
.1257
b. Compute Average of Annual Ratios (Number of Years - 5)
Year K-6 Ratio 7-9 Ratio 10-12 Ratio
1965 5706 .1257
2032
.0448 2032 .0448
45400 45400 45400
1966 5739 .1226
2033
.0434
1975
.0422
46800 46800 46800
1967
5742
46800
.1227
2128
46800
.0454 1914
46800
.0409
(continued)
Year K-6 Ratio 7-9 Ratio 10-12 Ratio
1968 5715 .1221 2095 .0448 1977
.0422
46800 46800 46800
1969 5747 .1207 2162 .0454 2084 .0438
47600 47600 47600
ERatios/N .1228 .0429 .0428
Calculate Forecasts as follows:
EnroIlmen
=
Sum of Ratios /N X Est. Town
Enrollment K-G^q = .1228 X 47994 = 5894
Enrollments
Year Est. Pop. K-6 7-9 10-12 Total
1970 47994 5894 2059 2054 10007
1971 48641 5973 2087 2082 10142
1972 49255 6045 2113 2108 10266
1973 49836 6120 2138 2133 10391
1974 50371 6186 2161 2156 10503
1975 50866 6246 2182 2177 10605
1976 51309 6301 2201 2196 10698
1977 51702 6349 2218 2213 10780
1978 52045 6391 2233 2228 10852
1979 52570 6456 2255 2250 10961
APPENDIX C
USERS MANUAL FOR DEMOGRAPHIC MODEL
Introduction
A simulation model is a decision-support tool for
strategic planning. Such a model can present the results
of the interrelationships among the alternatives being con-
sidered, but the decision-maker must formulate the basic
questions to be addressed by the model and then recognizing
the model's limitations, interpret the model's results in
the light of his or her experience and intuition. Thus this
Model is intended to support the decision-maker rather than
relieve him or her from decision-making responsibility.
General Design of the Model ^
The general design of the Model is straightforward.
For each forecast period an estimate of the number of births
is added to and an estimate of the number of deaths is sub-
tracted from the beginning population. The result is further
adjusted by the difference between the estimated number of
people moving into and the estimated number of people moving
out of the area (net migration) in order to obtain the popu-
lation at the end of the forecast period.
The public school enrollment forecast is obtained by
^Further information relating to the Model may be
obtained from the author, c/o Western Connecticut State
College, Danbury, Connecticut 06810.
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first taking the percent of the total population by age and
sex cohort attending school (both public and private) to
obtain the number of children in school and from that number
extracting the public school portion. The population is aged
one year and the process is repeated for each year of the
forecast period.
Options for the calculation of births
,
deaths and net
migration allow the user to apply a knowledge of local con-
ditions. By changing the formulas used to compute the com-
ponents, a series of projections can be obtained, thereby
affording a range rather than a single point projection. The
alternatives offered to the user for the construction of the
birth, death and migration components are stated below. The
starting population is obtained directly from census data.
Births
The formula used to calculate births will be fertility
rates for each cohort of women of child-bearing age, based on
fertility ratios for all women in the State of Connecticut.
However, the user may choose one of the following alternative
options
.
-- Crude Birth Rate (Births per 1,000 population)
-- Fertility Rates per 1,000 Women of Child-bearing
Age (Total number of women between the ages of
15 and 49)
-- Increase or Decrease Fertility Ratios by a Percent
over the Forecasted Period (What if birth rates
increase 257o?)
1A7
Deaths
Deaths will be calculated using age-specific death
rates for each town by age and sex cohort. However, the user
may choose one of the following options
.
Crude Death Rate (Deaths per 1,000 population)
Life Table for the State of Connecticut, or an
appropriate life table
Increase or Decrease Age-Specific Death Rates by
a Percent over the Forecasted Period (What if
death rates decrease 107o?)
Net Migration
Estimate of net migration will be calculated using
migration rates for each age and sex cohort based on data
from the latest two census reports. The user may specify
the net migration expected based on local conditions, or if
appropriate, use the same net migration figure as for the
previous census period. Instead the user may use the
National Census Migration rates
.
Data Requirements
A data base is created for the inhabitants of the
town composed of the following data elements
;
Age and sex
Births
Deaths
-- School Attendance Rates
Age and sex data may be obtained from the past two census
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reports. Vital statistics information (births and deaths)
may be obtained either from town records or the Connecticut
State Department of Health, Register of Vital Statistics
.
School attendance ratios are developed from census age-grade
data
.
Output
The output from the Model consists of the following
data for each year that the forecast is to be printed.
Population Forecasts by Age and Sex
School Population Forecasts by Age Cohorts
Public School Kindergarten, Grades 1-8, and
Grades 9-12 School Enrollments Estimates
MANCHESTER
BEGINNING
YEAR
19T1
TABLE
C.l
ENDING
year
1980
BIRTH
rate
0.5
DEATH
RATE
0
MIGRATION
RATE
100
SAMPLE
OUTPUT
births
FOR
19^2
815
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1-8
6135
grades
9-12
2628
TOTAL
9705
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DEMOGRAPHIC MODEL
System Flow Chart
Figure C.l
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Data Base Input Form
Statewide Data
1. Fertility Ratios
Year 15-19 20-24 25-29 30-34 35-39
1
40-44 45-49
1960
1970
2. Life Table
1960 1970
A cro
! Male Female Male Female
0- 4
5- 9
10-14
15-19
20-24
25-29
30-34
35-39
40-44
45-49
50-54
55-59
60-64
65-70
70-74
75+
1
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Town Data Page 2
3.
Name of School System (maximum 15 characters)4.
Parameters
PI P2 P3 P4 P5 P6 P7 P8 PO
5. Crude Death Rate Crude Birth Rate
6. No. of Births 1960-64 ^No . of Births 1965-69
7. Rates of Attendance (Enter Percent)
Nursery Kindergarten Grades 1-8 Grades 9-12
8.
Population
1960 1970
Age
Male Female Male Female 1
0- 4
1
5- 9 1
10-14
1
15-19 1
20-24 1
25-29 1
30-34
1
35-39 J
40-44 ^ 1
45-49 1
50-54 1
55-59 1
60-64 J
65-69 J
70-74 1
75+ J
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9. Deaths Page 3
Age
1960 1970
Male Female Male Female
0- 4
5-14
15-24
25-34
35-44
45-54
55-64
65-74
75+
10. Births for 1960 Births for 1970
11. 1969 School Population
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Instructions for Completing
Data Base Input Form
1. Enter fertility ratios for each five-year age cohort of
women between the ages of 15 and 49 for the past two
decades. (Enter oldest decade first.)
2. Enter by age and sex cohort, survivor ratios for the
past two decades from a Life Table.
3. Enter the name of your school system (up to 15 char-
acters)
.
4. Enter parameters desired for run (See Coding of Input
Parameters)
.
5. Enter Crude Death and Birth Rates for the latest census.
6. Enter the number of actual births that occurred during
each half decade, i.e., sum of births for 1960-64 and
the sum for 1965-69.
7. Enter the rate of public school attendance for each of
the following groups: nursery school (if not applicable
enter zero), kindergarten, grades 1-8, grades 9-12.
8. Enter population by five-year age and sex cohorts for
the past two census'.
9. Enter deaths by age and sex cohorts for the past two
census '
.
Note: The Connecticut State Department of Health
divides into only 9 age cohorts
.
10. Enter the number of births for the year 1960 and the
year 1970.
11. Enter your 1969 school population.
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Coding for Input Parameters
PI = Beginning Year of Forecast
Enter "1971"
P2 - Ending Year of Forecast
Enter last year for which a forecast is desired,
i.e., if the desired year is 2000, enter "2000"*
P3 = Frequency of Print Out
Enter one of the following codes
,
depending on the
frequency desired:
1 = Every Year
2 = Every Other Year
3 = Every Third Year
4 = Every Fourth Year
5 = Every Fifth Year
10 = Every Tenth Year
P4 = Birth Component Calculation
a. Enter "0" if the same trend as the previous
decade is desired.
b. Enter "4" if the births are to be calculated using
the Crude Birth Rate.
c. Enter a value in decimal form that is a percent of
the base period, if births are to be increased or
decreased over the forecasted period.
1. If the number is to be decreased, enter the
difference between one and the percent of
decrease. (.8 = a 20% decrease)
2. If the number is to be increased, enter the
percent desired plus one. (1.2 = a 207o
increase)
P5 = Death Component Calculation
a. Enter "0" if the same trend as the previous decade
is desired.
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b
. Ent6r 4 if the deaths are to be calculated using
the Crude Death Rate.
c. Enter a value in decimal form that is a percent
of the base period, if deaths are to be increased
or decreased over the forecasted period.
1. If the number is to be decreased, enter the
difference between one and the percent of
decrease. (.9 = a 107o decrease)
2. If the number is to be increased, enter the
percent desired plus one. (1.1 = a 107.
increase)
P6 = Migration Component
Enter "99999" if the same annual migration is desired
as that of the previous decade.
Enter "-99999" if the national migration rates are to
be used.
Enter any number desired to represent the annual net
migration desired.
P7 = Use of State of Connecticut Life Table to calculate
deaths
a. Enter "0" if "no."
b. Enter "1" if "yes."
P8 = Use of actual births to calculate births for migration
routine for base period
a. Enter "0" if "no."
b. Enter "1" if "yes."
P0 = Annual migration if National Migration Rates
are used
a. Enter "0" if not used.
b. Enter annual migration figure desired.
’I
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Data Base Input Form
Statewide Data
1. Fertility Ratios
Year 15-19 20-24 25-29
1
30-34 35-39 40-44
;
45-49
1960 ^.o 30. f o27-3 tj . 7 1 . /
1970 //7 3^^7 ~3oZ-/ /3 . >5“ /S’
j
V
2. Life Table
1960 1970
Age
Male Female Male Female
0- 4
. a , OOy'3~‘^Z . 0^7 9yS - 0 C
5- 9
. o o 71. y^3 .O^fy-ZZ? . oay777 / 00 / 7 0 7
10-14
*d><l^(a , C O 7 .00^770 . 00^3^7
15-19
- d S' , oo^37 - 00 777
^
.0 0 30 7/
20-24 ^oosS~V7^ . 0037^7 . d03c2.
0
0
25-29
. O Z^ .00 Vfo
p
\. ooS-^7/ . 00 77/(7
30-34
. 0/0^3/ .00 ^ . Q// .7/ (J 00^779
35-39 ^ o / . S/a4/7 , 0/7/^. 7 ,o/o777^
40-44 .0370 Z/ . Ool77S^ . O/S So/
45-49 • 03'3/^/ . o.>^77f7 . ci7o 73/^ .Oo2.S7-.^S
50-54 ,o7/So7 .037773
55-59 .0(^7733 .os9///_
60-64 ./9/s 37 ,/o 7 037/ . /777<^^. .oSo/yS
65-70 ,/777/-i~ \.S799SS . /7Z3'/ S
70-74 \.3>5'SSS^\.s./s ^77 i , 33'<33 / 7 . u2.'3 .2. 3'~3 ^
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Tox-m Data
3. Kame of School System (maximum 15 characters)
/i\f^\n^\0A^\£\~6\7vi\/^\ I I I I I
Page 2
4. Parameters
PI P2 P3 P4 P5 P6 P7 P8 PO
/97/ /9So / .S' O /oo Q o Q
5.
6 .
7.
Crude Death Rate 7- 9 Crude Birth Rate /
O
No. of Births 1960-64 . of Births 1965-69 7
Rates of Attendance (Enter Percent)
Nursery Kindergarten Grades 1-8 Grades 9-12
O 97.3 SP.S7 . 79
8. Population
1960 r 1970
Age
Male Female 1 Male Female
0- 4 / 9 ^2- ^ 0
5- 9 a/' / ai. ^ / O i2y 1 a-/3 7 O \i) 9
10-14 cS/2) 9 J2,a V
¥
T ^3 9!) 3“ ^*Z3 9
15-19 1 / 9 93 / 9STc:^
20-24 9^7 99/
j
/73(, c30 S /
25-29 / O c2^ S' /as7 I /9o3 do
30-34 /o2^Si9 73 73 ' /<3 /S' /o2. v3 '3
35-39 /s7 ^ // C f /'//
40-44 /7U3
j
/37i^ ' ''/7 7
A5-49 /•7s'/ /7f3 /7<^?—
50-54 //9-/ /j. /63 7 /7'7
55-59 933 ya a /
1
/3/ /-¥
60-64
7- -
77/ / dc / //3/
65-69
f -7-
—\
f/s-o
1
/) 7 93 6
70-74 6^-7 .77/ 7^^
75+ 77<^ <i C3 /3
9. Deaths
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Page 3
Age
1960 1970
Male Female Male Female
0- 4 y3 r 7
5-14 / / /
15-24 o / /
25-34 / o / /
35-44 /
... ^ o
45-54 /F
.. //
55-64 <3/ / S3
65-74
1 'S'
75+ 79 y/s^
10. Births for 1960 Births for 1970 F ^
11.’ 1969 School Population FF F-3
APPENDIX D
GRAPHS OF PROJECTION ERROR FROM DEMOGRAPHIC
MODEL BY TOWN
(Showing the percent of error based on
the difference, stated as a percent of
the actual enrollment, from each of the
three runs from the demographic Model)
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APPENDIX E
SUMMARY OF DEMOGRAPHIC MEASURES USED WHEN
FORECASTING POPULATION
Review of Demographic Measures
The following is a summary of demographic concepts
and measures from Chapter I of Projecting State and Local
Populations by Pittenger.^ This is a highly readable non-
technical book. In it Pittenger reviews various methods
that have been used by demographers when making population
projections for subnational areas. As an example, some of
these measures have been applied to the Manchester, Con-
necticut, population.
Crude Measures (Structure of population is not known)
1. Measures of population change
A. Numerical change in population between two periods
APop^,j,_^^^_^ = Pop^_^^ - Pop^
Where
:
Pop,p_l_^ = 1970 Population
Pop^ = 1960 Population
To calculate the change in the Manchester popula-
tion between 1960 and 1970:
= 47994 - 42102 = 5892
^Donald B. Pittenger, Projecting State and Local
Populations (Cambridge, Mass.: Ballinger Publishing Co.
1976) .
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B. Percent change in population between two periods
^^Pop
_ip ~
^^^^T+1 ~ /PoPrp X 100
Where
:
Pop-p+i ^ 1970 Population
Pop,p = 1960 Population
To calculate the percent of change in the Manchester
population between 1960 and 1970;
%APop,_.
^
= L^J994 -_42m) ^ ,00 ^U+i;-i 42102
.13995 X 100 = 14.07o
C, Ratio of change in population
R (Pop
_ip) ~ ^OP'p_j_p/^®P'p
Where
:
Popp^l = 1970 Population
Pop,, = 1960 Population
To calculate the change ratio between 1960 and 1970
for the Manchester population:
I^(P°P70-60 N ^ 47994
42102
1.14
2. Population expressed in terms of fertility, mortality
and migration components
:
Pop^^l = Pop^ + Births - Deaths ±
Mig(X+l)-T " ^"”ig(T+l)-T 0"P”ig(T+l)-T
^'Jhere
:
PoPt+1
Pop,,
= Population 1970
= Population 1960
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Births = Births between 1960 and 1970
Deaths
=
Deaths between 1960 and 1970
= Inmigration between 1960 and 1970
Outmig^^_^^^_^ = Outmigration between 1960 and 1970
To calculate the Manchester population using demoeranhic
components : o o r
P0P 7 O
= ^2102 + 8284 - 4028 + 1636 = 47994
A. Crude Birth Rate
CBKp = (Births^/Pop^) X k
Where
:
CBR^
Births
P°P60
k
= Crude Birth Rate 1960
= Births in 1960
= Population in 1960
= Constant (per k persons)
To calculate the 1960 and 1970 Crude Birth Rates
per 1,000 population for Manchester:
CBRoo _
882
42102
X 1000 = 20.95
CBR
70
= 866
47994
X 1000 = 18.04
B. Crude Death Rate
CDR^ = (Deaths^/Poprj,) X k
Where
:
CDR^ = Crude Death Rate 1960
Deaths^ = Deaths in 1960
Poprp = Population in 1960
= Constant (per k persons)k
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To calculate the 1960 Crude Death Rates per 1 000population for Manchester:
CDR.„ = X 1000 = 8.76
42102
C. Rate of Natural Increase (Decrease)
The rate of natural increase is the ratio of the
difference between the number of births and deaths and
the population.
RNI.^ = (Births.p - Deaths.^) /Pop.j, X k
Where
:
Births.^ = Births in 1970
Deaths.p = Deaths in 1970
Pop. = Population in 1970
= Constant (per k persons)
To calculate the 1970 Rate of Natural Increase for
Manchester:
RNi ^ see - 378 ^/u 47994
10.17
D. Crude Net Migration Rate
CNMR.J. = (Mig(T+3^)_T/10)/PoP(T+l)-T ^
^^^(T+l)-T
Where
:
PoPt+1
Pop,p
Births
Deaths
(T+l)-T
(T+l)-T
Population in 1970
Population in 1960
Births between 1960 and 1970
Deaths between 1960 and 1970
195
To calculate the Manchester annual Crude Net Migra-
tion Rate between 1960 and 1970:
^^^70-60 " ^7994 - 42102 - 8284 + 4028 = 1636
1636
CNMR . = — X 1000 = 3.41
47994
3. Age Groupings
Common age groupings are five and ten years. In some
instances the group may be single years of age. Vital
statistics data is generally reported on a calendar year
basis and age is reported as of the last birthday while
census data is reported as of midnight March 31.
The usual solution is to assume that all of the
events that occurred over the year are treated as if
they occurred at the midpoint.
4. Age Structure
The age structure can be represented by a population
pyramid. A population pyramid shows the share of the
total population for each age and sex cohort. (See
Figures E.l and E.2)
Refined Fertility Measures (Requires knowledge of age and
~ sex structure)
1. Child-Women Ratio
Relationship of children ages 0-5 to women of child-
bearing age, usually ages 15-44
C-WRj^l = (o.4I’°Pt+1^5-44^P°Pt+i) ^ ''
Where
:
0-4^°Pt+1
15-44^^°Pt+1
k
= Children ages zero through 4 in 1970
= Female population between ages 15 and
44 in 1970
= Constant (per k persons)
Females
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The Child-Women Ratio for Manchester, Connecticut, would
be :
C-VJR.. = X 1000 = 378.75
10524
2. General Fertility Rate (Refinement of the Crude Birth
Rate)
Relationship of women of child-bearing age to births
GFR = (Births,p_|_^/^^_^^FPop^^^) X k
Where
;
Births,j,_j^^ = Births during 1970
-ic //FPop^.T = Female population 1970 of child-15-AA >^T+1 bearing age (15-AA)
To calculate the Manchester General Fertility Ratio
GFR-,^ = 866 X 1000 = 82.29
10524
3. Age-Specific Fertility Rates (Fertility ratio for a
specific age group)
ASFR
age (
Births
age T+1 /
FPod)
age
X k
Where
:
Births
age T+1
Number of births from an age cohort
of females
FPop 1 = Age cohort of womenaga T+1 Number of women in ege cohort
Ic = Constant (per k women)
To calculate the 1970 ASFR for age group 25-29
for Man
Chester
:
25 - 29^^^^70
310 X 1000
1826
169.77
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4. Total Fertility Rate
Sum of the ASFRs for each cohort of women of child-
bearing age
N
TFR
70 = W X ^age®^^^^®T/age^^°PT^ ^
Where
:
W = Width of age cohort
N
E = Summation of each age cohort
age=i
Births™
age T
= Number of births to age cohort
FPop™
age ^T
= Number of women in age cohort
k = Constant (per k women)
The Manchester TFR for age cohorts of women 15-44
be calculated as follows
:
Age Births Females ASFR
15-19 68 2238 30.38
20-24 372 1952 190.57
25-29 310 2081 148.97
30-34 86 1826 47.10
35-39 18 1253 14.37
40-44 10 1174 8.52
439.91
TFR = 439.91 X 5 = 2199.55
The Cumulative Fertility Rate is the sum of cumulative
sum of the ASFR by age cohort multiplied by the number
of years in the age cohort.
CFR.J. = W X
N
( 2:
age=i
( Birthrp/FPoprp) X k)
^age T i
The Manchester cumulative fertility ratios are:
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Age ASFR Cum X 5 = CFR
15-19 30.38 30.38 151.90
20-24 190.57 220.95 1104.75
25-29 148.97 369.92 1849.60
30-34 47.10 417.02 2085.10
35-39 14.37 431.39 2156.95
40-44 8.52 439.91 2199.55
6. Gross and Net Reproduction Rates using female births only
Calculated the same as TFR except it measures the rate
at which women produce the next generation of women.
The Net Reproduction Rate refines the Gross Reproduction
Rate in that it takes into account mortality.
N
GRR = W X ( 2
age=i
(( FBirths^/ FPopr^’) ^ )
^^age T age ^T'
N
NRR = W X ( ^
age=i
((( FBirths^/ FPop^) X k) FSur„)
^^^age T age ^T age T
Where
:
FSurrp
age T The ratio of survivors in age
group age
to the number born (obtain from life
table)
Data were not available for the Manchester female births
by age cohort; therefore, the female births were calcu-
lated as .492 of the total births. The 1970 Connecticut
white female life table data were used for the female
survivorship ratio.
Female Female
"pQ-iiT*
Female
Age Births Females ASFR age ASFR'
s
15-19 33 2238 14.75 .997633 14.72
20-24 183 1952 93.75 .996919 93.46
25-29 153 2081 73.52 .996800 73.28
30-34 42 1826 23.00 .995290 22.89
35-39 9 1253 7.18 .993201 7.13
40-44 5 1174 4.26 .989506 4.22
216.46 215.70
X 5 X 5
GRR = 1082.30 NRR = 1078.50
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Refined Mortality Measures
1.
Age-Specific Death Rates
These rates are analogous to ASFR rates.
To calculate the ASDR for 1970 for Manchester for
age group age 60-69:
ASDR6o_69 X 1000 = 10.09
4854
2. Life Tables
Life tables represent the mortality experience of a
birth cohort whose initial size is usually 100,000
persons. (See Figure E.3 for Connecticut life table
for females.)
3. Census Survival Rate Method of Estimating Net Migration
(following Fig. E.3)
Number
of
Years
Lived
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Calculation of Estimated Net Migration for
Manchester, Connecticut
203
Age
1960
Census^
National
c.s.r.2
Expected
1970 Pop.^
1970
Census^
Estimated
Net
5Migration"^1960 1970
— 0- 4 4011* .95297 3822 3986 164
-- 5- 9 4273** .94808 4051 4195 144
0- 4 10-14 4371 1.00271 4383 4543 160
5- 9 15-19 4224 1.00668 4252 3945 -307
10-14 20-24 4182 .98859 4134 3817 -317
15-19 25-29 2972 .98081 2915 3667 752
20-24 30-34 1898 .99473 1888 2548 660
25-29 35-39 2112 .98728 2085 2282 197
30-34 40-44 2627 .97809 2569 2745 176
35-39 45-49 3305 .95304 3150 3202 52
40-44 50-54 3516 .94422 3320 3348 28
45-49 55-59 2936 .90696 2663 2717 54
50-54 60-64 2436 .88843 2164 2137 -27
55-59 65-69 1974 .82298 1625 1576 -49
60-64 70-74 1705 .75728 1291 1279 -12
65+ 75+ 3844 .45868 1763 2007 244
TOTAL 42102 46075 47994 1919
^Births 1965-69 ^^Births 1960-64
^Source: 1960 Census of Population, Pe(l)-B8
^Source; Current Population Reports, P-23, No. 41
^Col. 1 X Col. 2
^Source: 1970 Census of Population, Pe(l)-B8
^Col. 4 - Col. 3
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Age ASFR
15-19 30.38
20-24 190.57
25-29 148.97
30-34 47.10
35-39 14.37
40-44 8.52
Cum X 5 = CFR
30. 38 151.,90
220. 95 1104.,75
369. 92 1849,.60
417. 02 2085,.10
431. 39 2156 .95
439. 91 2199 .55
6. Gross and Net Reproduction Rates using female births only
Calculated the same as TFR except it measures the rate
at which women produce the next generation of women.
The Net Reproduction Rate refines the Gross Reproduction
Rate in that it takes into account mortality.
GRR = W X
N
( S
age=i
(( ^FBirths^/ FPop,p)
^^age T age ^T"^ X k))
NRR = W X
N
( i: ((( FBirths„/ FPop„ ) X k) FSur,.)
Where
age=i age T age ^T age T
PSur^p
age T The ratio of survivors in age group age
to the number born (obtain from life
table)
Data were not available for the Manchester female births
by age cohort; therefore, the female births were calcu-
lated as .492 of the total births. The 1970 Connecticut
white female life table data were used for the female
survivorship ratio.
Female Female FSur
age
Female
Age
15-19
Births Females ASFR ASFR's
33 2238 14.75 .997633 14.72
20-24 183 1952 93.75 .996919 93.46
25-29 153 2081 73.52 .996800 73.28
30-34 42 1826 23.00 .995290 22.89
35-39 9 1253 7.18 .993201 7.13
40-44 5 1174 4.26 .989506 4.22
216.46 215.70
X 5 X 5
GRR = 1082.30 NRR = 1078.50
Refined Mortality Measures
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Age-Specific Death Rates
These rates are analogous to ASFR rates.
ASDR = ( Deaths / Pod X Vage ^age '^^“‘"T'age
To calculate the ASDR for 1970 for Manchester for
age group age 60-69:
ASDR.. .. = X 1000 = 10.0960-69 433^
2. Life Tables
Life tables represent the mortality experience of a
birth cohort whose initial size is usually 100,000
persons. (See Figure E.3 for Connecticut life table
for females
.
)
3. Census Survival Rate Method of Estimating Net Migration
(following Fig. E.3)
APPENDIX F
DOCUMENTATION OF COHORT- SURVIVAL PROGRAM
Cohort-Survival Program
In reviewing the literature on enrollment projections,
it was found that the most-often-used method to forecast
school enrollments was the cohort- survival method. However,
the historical base used to create the ratios, the grade
groupings and creation of the ratio relating births to a
grade varied markedly, A description of the cohort-survival
program used for this study is described below.
The computer program was developed by Miller^ for
the Manchester, Connecticut, school system. It was designed
as a general-purpose program allowing the user to specify
the following:
a. Historical data for which ratios are to be com-
puted. User may use up to 30 years of historical
data
.
b. Number of years to be projected. User may
specify any number of years to be projected,
c. Births. User must specify the annual number of
expected births for future years if projections
are made beyond five years.
d. Modification of ratios. User may override the
ratios created from the historical data by
eluding a special parameter card which contains
the desired ratios to be used. This may be done
for a single grade, a group of grades or for all
grades
.
^H. Blaine Miller, "A Method of Reducing Error in
Public School Enrollment Projections" (Ph.D. dissertation.
University of Connecticut, 1977).
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Data required for the program consists of enroll-
ments by grade for the base period and birth data beginning
five years previous to the historical base to be used.
Ratios are created for each single grade except
kindergarten. For kindergarten births five years previous
are related to kindergarten. Projections are made for
single grades and totals are created for the following grade
groupings
:
Kindergarten - Grade 6
Grade 7 - Grade 9
Grade 1 - Grade 12
For this study the program was modified as follows:
1. A school identification field was added and the
program was modified to allow multiple school
systems to be processed in one run.
2. A test was added to determine if a school system
had a kindergarten in the 1959-60 school year.
For those school systems that did not have a
kindergarten, the program was modified to relate
births to first grade.
The following pages are a sample run made by the
Manchester school system for demonstration purposes of the
unmodified program. The program is designed to run on an
IBM 370-115.
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OPTION CARD FORMAT
Card Col. Contents of Field Run #1 Run #2 Run #3
1.2 Card Code - OP OP
3 Town Code M
A. 5 1st Year of Base 50
6. 7 No. of Years in Base 05
11, 12 No. of Future Years of
Birth 05
13, 14 No. of Future Years in
Proj ection 10
TITLE CARD FORMAT
(A1 & A2 Cards combined give a single line
of print with 110 characters)
Card Col. Contents Example Notes
1, 2 Card Code A1 Required
3 Town Code M Optional
11-75 First Half
Line of Print
MANCHESTER PUBLIC
SCHOOLS ENROLLMENT
PROJECTION
Started in
Col. 29
1. 2 Card Code A2 Required
3 Town Code M Optional
11-75 Second Half
Line of Print
WITH FIVE-YEAR
BASE- -BIRTHS
FROM TOWT^ CLERK
Started in
Col. 12
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CARD LAY-OUT
(Bl) SCHOOL ENROLLMENT PROJECTION
Card il=l (Elementary)
Columns Length Adj Contents Example Notes
1, 2 2 F Card Code Bl
3 1 F School System M
4-7 4 F School Year 7475
10 1 F Source L L = Local
S = State
Department
11-15 5 R Births 746
16-20 5 R Kind
.
21-25 5 R Pre-Prim.
26-30 5 R Grade 1
31-35 5 R Grade 2
36-40 5 R Grade 3
41-45 5 R Grade 4
46-50 5 R Grade 5
51-55 5 R Grade 6
56-60 5 R Elem, LD K-6 Constant
61-65 5 R Elem. MR K-6 Constant
CARD LAY-OUT
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(B2) SCHOOL ENROLLMENT PROJECTIONCard #2 (Junior High and Senior High)
Columns Length Adj Contents Example Notes
1.. 2 2 F Card Code B2
3 1 F School System MAN
4-7 4 F School Year 7475
10 1 F Source L L = Local
S = State
Department
11-15 5 R Grade 7 342
16-20 5 R Grade 8 298
21-25 5 R Grade 9 301
26-30 5 R L.D. (7-9) 16 7-9 Constant
31-35 5 R M.R. (7-9) 32 7-9 Constant
41-45 5 R Grade 10 682
46-50 5 R Grade 11 703
51-55 5 R Grade 12 722
56-60 5 R P.G. 17 10-12 Constant
61-65 5 R L.D. (10-12) 19 10-12 Constant
66-70 5 R M.R. (10-12) 16 10-12 Constant
71-75 5 R K-12 extra ROTC K-12 Constant
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CARD LAY-OUT
Cl Card (Optional) - ADJUSTED RATIO INPUT
(Decimal implied between the 1st and 2nd
position of each ratio)
Columns Length Adj Contents Example Notes
1. 2 2 F Card Code Cl
3-7 5 Kindergarten 09900 0.9900
9-13 5 Grade 1 10000 1.0000
.15-19 5 Grade 2
21-25 5 Grade 3
27-31 5 Grade 4
33-37 5 Grade 5
39-43 5 Grade 6
45-49 5 Grade 7
51-55 5 Grade 8
57-61 5 Grade 9
63-67 5 Grade 10
69-73 5 Grade 11
75-79 5 Grade 12
ESTIMATE
OF
FUTURE
ENROLLMENT
—
ELEMENTARY
GROUPS
MANCHESTER
PUBLIC
SCHOOLS
—
TEN-YEAR
PROJECTION
—
BIRTHS
FROM
TOWN
CLERK
Options
Used:
Seven-year
base,
Five
years
of
births,
Ten-year
projection
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APPENDIX G
EXPONENTIAL SMOOTHING
Exponential Smoothing
In industry exponential smoothing is used for inven-
tory forecasting and has produced reasonably accurate
results. This method of forecasting has special appeal
because of its simplicity in both calculation and updating.
The new estimate is simply the previous estimate plus a
fraction of the difference between the actual enrollment
and the previous estimate. The only piece of data that is
required is the past estimate. A smoothing constant is
chosen by the user. It controls the weight to be attributed
to the past and current data. A small smoothing constant
weights the past data most heavily while a large value
weights the current data most heavily.
The beginning estimate may be an average of past
data or if past data is not available it may be the first
observation. If the initial average or observation is
thought to be accurate, then a small smoothing constant may
be used and if inaccurate, a large constant may be used to
discount the original conditions.
For this study smoothing constants were created for
each town for each of three methods of exponential smoothing.
For each method smoothing constants were obtained based on
enrollment data for the 1961-62 to 1969-70 school years. The
215
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constant that produced the least square of the error was
used to project the enrollments. The original enrollment
estimate was created by averaging the actual enrollments
for the school years 1956-57 through 1960-61.
A description of the three models that were invest!-
gated follows;
1. Simple exponential smoothing
(Single)
^
Est Enroll^^^ = a(Act Enroll^) + (1-a) (Est Enroll^)
Where
:
a = a (smoothing constant)
Act Enroll^ = Actual school enrollment at time T
Est Enrollij, = Estimated school enrollment for time T
2. Exponential smoothing corrected
for trend (Double)
Est Enroll^^^ = Est Enrolls + ((Iz^l (Trendy))
Where
Est Enroll^ = a(Act Enroll^) + (1-a) (Est Enroll^_^)
and
Trendy = a(Est Enroll^ - Est Enroll^_^) + (1-a) (Trendy j)
a = a (smoothing constant)
Act Pop^ = Actual school enrollment at time T
Est Pop^ = Estimated school enrollment at time T
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3. Triple exponential smoothing^
Est = A + B + 0.5C
Initial values for coefficients are calculated:
C = Act Pop
^_2 - 2 (Act Pop^_^) + Act Pop^
B = Act “ ^ct Pop,p
_2 - 1.5C
A = Act Pop,p
_2 - B
- 0.5C
Computer programs were written to find the smoothing
constants that best fit the base data (school years 1960-61
through 1969-70) for each of the towns and for each of the
models. Triple smoothing was then eliminated and the model
was chosen from the remaining two that best fit the histori-
cal data based on the least square of the error. This model,
exponential smoothing corrected for trend, was then used to
project the school enrollments for the 1970-71 through 1976-77
school years. The difference between the actual and the
enrollment estimates was calculated as a percent of error of
the actual enrollments.
G. Brown, Smoothins, Forecasting and Prediction
of m-.ornet Time Series (Englewood tlitts.
Hew
Prentice-Hall
,
1963)
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ENROLLMENT FORECASTS FOR MANCHESTER CONNECTICUT
USING EXPONENTIAL SMOOTHING
CORRECTED FOR TREND^
Year
Col 1
Act
2
Ave
3
Change
4
Trend
5
T+1
Forecast
6
T+1
Actual
7
Diff
8
9661.2 286.5
1961 10006 9940.4 279.3 280.7 10006 9871 135
1962 9871 9884.2 -56.3 7.7 9886 9941 -55
1963 9941 9930.2 46.0 38.7 9939 10078 -139
1964 10078 10049.9 119.7 104.3 10074 9770 304
1965 9770 9823.2 -226.7 -163.8 9785 9747 38
1966 9747 9761.5 -61.7 -81.1 9742 9784 -42
1967 9784 9779.7 18.2 -0.6 9780 9787 -7
1968 9787 9785.6 5.9 4.7 9787 9993 -206
1969 9993 9953.6 168.0 136.9 9986 10298 -312
1970 10298
Col 3 = Ave^ = (l-a)Ave^_^ + a (Enroll^)
Col 4 = Change^ = Ave^ - Ave^_^
Col 5 = Trend,p = (1-a) (Trend,p_^) + a(Change^)
Col 6 = Exp Enr.p_^^ = ((1"^) (Trendy)) + Ave,
Col 8 = Diff^_|_^ = Exp Enr^_|_^ - Actual^_^^
for Inventory
Worksheet from R. G. Brown, Statistical Forecasting
Control (New York; McGraw-Hill Book Company,
Inc.
,
1959)
Forecast^^j^ = Forecast^ + * (L + D *
Where
;
L = Lead time
Forecasts
1970-71 10123
1971-72 10397
1972-73 10808
1973-74 11356
1974-75 12040
1975-76 12862
1976-77 13821
Trend
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APPENDIX H
GRAPHS SHOWING ACTUAL ENROLLMENT AND ENROLLMENT PROJECTIONS
FROM
DEMOGRAPHIC, COHORT-SURVIVAL AND EXPONENTIAL SMOOTHING MODELS
BY TOWN
(The data for the three towns Andover, Hebron and
Marlborough were not plotted because grade data
needed for the cohort-survival program was not
available
.
)
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